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WORLD POWER CONFERENCE |; Aseunto tel: 
REUNIÃO PARCIAL 
SECTIONAL MEETING VEZZANI (R.) 

Rio de Janeiro — 1954 паца 


ORGANISATION SYSTÉMATIQUE DES: 
OBSERVATIONS CONCERNANT LA 
DISPONIBILITÉ ET L'UTILISATION DE. 
L'ÉNERGIE ÉOLIENNE POUR LA 
PRODUCTION DE L'ÉLECTRICITÉ 


CENTRALES AÉRO-ÉLECTRIQUES 


Prof. Ing. RENZO VEZZANi 


Inspecteur General du Genie Civil aupres du Conseil Supérieur des Travaus Publics! — Rome 
| 


COMITE NATIONAL ITALIEN 


Le développement que les études et les réalisations dans le domaine 
ў de l'utilisation de l'énergie éolienne ont atteint soit en Italie qu'à l'étran- | 
ger, rend toujours plus urgente et nécessaire une étude statistique de la 
disponibilité des ressources éoliennes en Italie: cette étude devrait avoir : 
un but scientifique, mais en méme temps pratique pour la recherche pré- : 
liminaire sur les emplacements favorables à l'installation| des centrales : 
aéro-électriques. Elle devrait aussi servir de base pour évaluer l'inté- | 
gration des ressources hydrauliques avec celle du vent. les premières i 
étant toujours plus insuffisantes par rapport à l'augmentation conti- 
nuelle des besoins industriels. | 
Dans l'étude des questions concernant l'utilisation de l'énergie du 
vent on aura recours à certaines formules et définitions fondamentales, 
qui ont été généralement adoptées pour les calculs et les: études des : 
aménagements coliques. i : 
En ce qui concerne la puissance. on peut considérer [fondamentale : 
la formule théorique indiquée par le Prof. Betz (1) pour la puissance | 


(1) — Betz — Windenergie und ihre Ausnutzung in Windmühlen — : 
Góttingen 1926. 
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maxima pouvant étre atteinte par un moteur a vent du type normal à 
pales ayant un diamétre D et pour un vitesse V du vent en m/sec: 


уз т D? 
en kg/m/sec == 0,000285 VD en kW 


max 27 4 


Dans cette formule on ajoute en général un coefficient а donné par 
le rapport de la densité de l'air dans les conditions d'utilisation à celle 
de l'air à 15º C et 760 mm. : 

Selon le type de la construction du moteur à vent, on doit tenir 
compte de pertes de rendement du 20 jusqu'au 3076, auxquelles on doit 
ajouter d'autres pertes dues aux transmissions et aux eagrenages jusqu'au 
générateur; par conséquent, pour obtenir pour un moteur à vent, le ma- 
ximum de puissance effectivement utilisable il est d'usage d'employer 
généralement un coéfficient de rendement total du 65%, qui doit être 
appliqué à la formule précédente. 


Le réseau des observations anémologiques existant actuellement 
en Italie 


Une enquéte préliminaire sur une trentaine de stations du Minis- 
tère de la Défense en Italie a déjà été développée par YA. dans un autre 
mémoire (2) au sujet de la vitesse du vent sur le sol et à des hauteurs 
de 75 et 150 m au dessus du sol; ces vitesses avaient été enregistrées 
soit par des anémographes soit par des lectures directes toutes les deux 
heures pour les premiéres ou par des ballons sondes pour les deuxiémes. 

De toutes ces observations on avait déduit certains renseignements 
assez intéressants concernant le régime des vents sur les plaines des 
différentes régions de l'Italie; il était par contre évident que pour une 
étude compléte, étendue à toutes les zones montagneuses, conduite selon 
les critéres ci-dessus, on n'aurait pu se borner à recueillir seulement les 
données de certaines stations du Service Météorologique de l'Aeronau- 
tique, qui pouvaient disposer des moyens d'observations en question. 

Pour augmenter, par conséquent, le nombre des stations d'observa- 
tion et surtout les placer à une plus grande hauteur au dessus du niveau 
de la mer pour arriver à celle des zones de montagne ой l'on supposait 
favorable l'utilisation de l'énergie éolienne, il fallait se contenter d'une 
plus petite précision et continuité des données en tenant compte seule- 
ment des données des stations du Service susdit qui pouvaient étre con- 
siderées comme le plus petit dénominateur commun auquel toutes les 
autres devaient se référer: ceci avait le but de rendre homogêne la statis- 
tique et comparables entre eux les résultats. 


(2) — R. Vezzani — H problema italiano dell'utilizzazione del vento — 
"Annali dei Lavori Pubblici". Fasc. 3, 1942. 
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| 

Ceci établi, il ne serait pas à exclure comme point de départ la fré- 
quence de la vitesse déduite des observations directes sur le vent qui se 
font trois fcis par jour à des heures fixes, c'est à dire. selon une conven- 
tion internationale, à 8 h., à 14 h. et à 19 h., en étendant moitié de 
chaque côté les valeurs mémes des fréquences dans l'intervalle Чг temps 
compris entre les observations en question. De cette facon. on pourra 


‘obtenir une homogénéité de la statistique, et avoir des résultats| compa- 


rables ce qui est, du reste, le but réel de ces recherches, n'etant pas tant 

la valeur absolue dés vitesses du vent, pouvant toujours étre | vérifiée 

plus tard, qui intéresse, mais plutôt leur valeur relative qui permet dc 
i 


On obtient ainsi les durées des différentes vitesses du vert, subdi- 
visées, pour facilité d'élaboration, en degrés, soit par ex: de O à 2,5 m/sec, 
calme; de 2,6 à 3,5 m/sec, ler degré; de 3.6 à 5.5 m/sec, 2me degré; de 
5,6 à 8,5 m/sec, 3me degré: de 8,6 à 12,5 m/ sec, 4me degré; qu dessus 


de 12,6 m/sec, 5me degré. Sur la base de ces données on pourra tracer 


le diagramme des durées des différentes vitesses du vent. | 

Dans un systéme d'axes orthogonaux on reporte les vitesses du vent 
selon les ordonnées et sur les abscisses le nombre des heures de: leur 
durée ou bien la période en pour cent de l'intervalle c'est à dire de 
l'année, du mois ou du trimestre correspondant, Sil'on relie entre! eux les 
l'année, du mois ou du trimestre correspondant. Si l'on relie entre|eux les 
points du milieu de chaque gradin des vitesses, on obtiendra une courbe 
continue dont les propriétés sont bien connues. L'abscisse d'un point 
quelconque D (fig. 1) auquel correspond l'ordonnée OQ relative à la 
vitesse V représente la durée en heures de cette vitesse dans l'intervalle 
choisi. i 


Dans le mémoire de l'utilisation du vent déjà cité on a reparté les 
courbes de la durée des vitesses pour les 32 stations d'observation au 
sol et w la cote 75 et 150 m au dessus du sol pendant l'intervalle d'un 
an et cela pour les années 1938, 1939 et 1940, L'allure de ces! courbes 
est assez uniforme, sauf vers le point terminal des plus grandes ‘itesses: 
la superposition ou presque des courbes se référant à différentes; années 
est assez caractéristique, exception faite pour leur extrémité, ainsi que 
le rehaussement progressif de ces mémes courbes lorsqu'on passe à la 
cote 75 met à la cote 150 m au dessus du sol, 


t | "E 
Des courbes de durée on pourra passer facilement, pour un [certain 


diamétre du moteur à vent, aux courbes des puissances et à celles de 
la production d'énergie dans le temps voulu, seulement si on introduit 
les valeurs des vitesses dans la formule précitée, qui donne la puissance 
du moteur à vent d'un diamétre fixé. Ces mémes courbes de durée sont 
donc toutes particuliéres pour chaque endroit et doanent les puissances 
utilisables et la production d'énergie dans un temps déterminé pour 
cette localité et selon un certain diamétre du moteur à vent. 


| 
| 
| 
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Si, d'autre part, on convena 
trouve une station |d'observation 


it de tracer pour chaque localité ой se 
cette même courbc en se basant sur 


un seul point de celle-ci. étant donné l'analogie et l'uniformité qui existent 


entre ces courbes selon ce qui 


i 
est indiqué dans le mémoire deja cité, 


lerreur qui en résulterait, tout en étant inférieure ou du méme ordre 


de celle qui pourrait se produire 


limitée à la derniére partie de сє 


dans la préparation du travail, serait 
s courbes; ceci n'a pas grar:de impor- 


tance du fait que cette erreur зе rapporte à des vitesses du vent trop 


fortes pour étre utilisables. 
On pourra donc caractériser 


chaque localité où il existe une station 


d'observation, selon la valeur de la vitesse du vent soufflant par exemple, 


pour une période moyenne par a 


Courbe 


| 
(4 
| 
| des vit 
5 


o - 
— 2 


— us 


= 


du vent pour une durée de temp 


n; en faisant ainsi il est certain qu'on 


des durées 
esses 


asks ij 4 E E 


Fig. 1 — Courbe des 


| 

i E E Р 
pourra tracer avec june aproximation suffisante la courbe de la durée 
des vitesses du vent durant l'année et pour toutes les localités ayant des 
stations d'observation. En reliant entre eux les points d'égale vitesse 


Hurécs das vitesses du vent. 


Б moyenne, on obtiendra une série de 


courbes d'égale vitesse, qui pourront montrer la distribution de l'énergie 


' éolienne sur une certaine région; 


еп méme temps ces courbes auront un 


fondement Scientifique assez str pour arriver à calculer facilement 
l'énergie qu'on pourra produire dur rant un ап avec un moteur à vent dont 
les pales ont un diamètre déterminé. 


Dans cette étude on n'a par 
car ori a supposé que le moteur u 
se placer automatiquement dans la 
du vent, dont il serait cependant 
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tenu compte de la direction du vent. 
ilisé. à axe horizontal, pourra toujours 
1 position perpendiculaire à la direction 
ndépendant s'il était à axe vertical; 
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Si le premier type de moteur demande des organes rotatifs assez 
coûteux dont l'entretien est difficile, le deuxièn:e type par contre se 
prête seulement à fournir des puissances modérées. Il s'ensuit que, si 
on veut envisager des aménagements éoliens de grande puissance. il con- 
viendra de ne pas tenir compte de ces types de moteurs et choisir par 
contre d'autres solutions pour lesquelles on puisse compter sur l'orien- 
tation du vent selon une ou deux directions en sens contraire ou bien 
selon un groupe de directions comprises dans un étroit secteur de 
l'horizon. | 

Dans ce cas, l'installation par exemple de tubes Venturi dans cette 
direction sera toujours possible: en montant l'équipement fixe du moteur 
a vent et du génerateur dans l'étranglement du tube, on pourra augmenter 
considérablement la vitesse du vent. 


‘ Avec ces appareillages brévetés. qui font l'objet de la deuxième 
partie de ce rapport, il sera; aussi possible de déterminer en aval du 
moteur à vent des dépressions qui consentent d'augmenter la vitesse 
du courant d'air et par conséquent la puissance de l'installation. De ce 
faition peut déduire l'importance que, peut avoir la connaissance de la 
direction du vent pour établir l'orientation fixe du moteur. 


En outre dans un Pays comme l'Italie. dont l'orographie est tellement 
accidentée, les directions des vents dominants dépendent dans une large 
mesure de l'effect de canalisation d'air dans les vallées. ou de la sépa- 
ration des bassins par les chaines de montagnes; ainsi, pour arriver à 
une: représentation la plus compléte possible de la distribution des vents 
dans une certaine région il est indispensable de connaitre la direction 
dominante de ceux-ci, étant donné aussi le petit nombre des stations 
d'observation existantes. 

: Pour cette recherche la détermination des directions du vent et la 
lecture directe de la vitesse faites à des heures fixes dans les Stations 
de Service Météorologique de l'Aéronautique а une grande utilité: cette 
détermination se fait normalement pour les huit directions de l'horizon 
et sur cette base il est possible, par les moyens connus, de déterminer 
les directions des vents dominants pendant la période d'observation. 

| Achévement des mesures anemologiques au moyen du réseau des 

observations météorologiques de la pression 

Avec les données recueillies dans les stations d'observation existan- 
tes ¡et dans celles qu'il sera! possible d'installer à l'avenir, on pourra 
tracer les courbes isotachies de durée moyenne dans l'année pour la di- 
rection dominante du vent et passer ensuite à la recherche des localités 
de montagne ой l'appareil précité du tube Venturi pourrait étre installe 
pour utiliser les directions constantes du vent determintes. soit par 
l'engouffrement dans les vallées ou dans les gorges des montagnes, soit 
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par le déséquilibre de la pression sur des bassins séparés par des chaines 
montagneuses, soit enfin par d'autres phénoménes caractéristiques des 
hautes vallées, des lacs ou de la mer, comme par ex: les forts courants 
d'air nocturnes causés par la présence de glaciers. et les courants d'air 
se formant au débouché des courants froids de l'hinterland sur les cótes 
de la mer ou des lacs. On a ainsi la possibilité de procéder parallélement 
avec la statistique des ressources hydrauliques, étant donné que méme 
dans ce cas on pourrait procéder à l'étude des projets d'utilisation de 
lénergie éolienne dans des localités bien définies. des dimensions du 
moteur à vent et du nombre des groupes aéromoteurs générateurs de 
types peu variables. de facon à pouvoir établir à peu prés la quantité 
de l'énergie éolienne productible. 


' S'il s'agissait de l'énergie nécessaire pour l'intégration de l'énergie 
hydraulique déjà existante, une étude du régime des vents durant les 
différents mois de l'année se rendrait nécessaire: cette étude, établie 
sur les fréquences des vitesses. serait mise en rapport avec le régime 
des précipitations atmosphériques et par conséquent aussi des débits 
et de l'emmagasinement des réservoirs, 


Ceci dit il est évident que. pour arriver aux résultats prévus, il 
serait indispensable de pouvoir disposer d'un réseau de stations d'obser- 
vation trés serré et distribué d'une facon uniforme sur toute la région. 


Mais en Italie le réseau météorologique de l'Aéronautique est bien 
loin de présenter ces caractéristiques, étant surtout orienté vers les zones 
en plaine des aéroports ct des cótes marines oü il se sert des observations 
faites par les sémaphores de la Marine; exceptionnellement sur quelques 
pas de montagne ou sur quelques sommets spéciaux il existe des stations 
isolées. 

G H faut donc avoir recours, du moins à présent, à certains procédés 
se basant sur plusieurs rapports existant entre la direction et la vitesse 
du vent d'un côté et la distribution des variables physiques, de l'autre 
à fin d'étudier le régime des vents au moyen de ces derniéres. 


Comparaison entre le vent gradient et le vent observé 


Les définitions en météorologie du vent géostrophique et du vent 
gradient sont bien connues. Lorsque le gradient de pression est compensé 
par la force de déviation le vent prend le nom de vent géostrophique. 
qui souffle le long des isobares avec une haute pression à droite de la 
direction du mouvement (hemisphêre boréal); en outre la vitesse du 
vent géostrophique est proportionnelle directement au gradient de pres- 
sion et inversement à la distance entre jes isobares. On devra tenir 
compté aussi du fait que le vent géostrophique dérive de l'admission que 
le terme d'accélération soit négligeable; ceci s'avére lorsque les isobares 
sont rectilignes et paralléles et lorsque le gradient de pression ne varie 
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isobares, anticycloniques ou cycloniques, alors le vent prend le пот de 


gradient. 
Le vent gradient n'ayant 


sidérer comme un véritable | yer 
lorsque les isobares ne sont ү атыны ou convergentes dans une 


mesure appréciable. 


Li 


aucune composante rediale peut 


nt au dessus de la couche de 


se con- 


Une comparaison détaillée du vent gradient avec le vent observé a 
du vent gradient avel le vent }Бвегуё ` a 
été faite par Gold (3); cet auteur trouva que pour une hauteur de 500 im 
i du vent se trouvait presqu exactement le 


Une comparaison détaillée 


au dessus du sol la direction 


long des isobares au nivcau dej ila mer, tandis que la vitesse se 
légérement au dessous du vent 


gradient calculé. 


trouvait 


il 


Des recherches successiyesiont montré quc l'influence du frottement 


de surface sur la terre- -ferme [peu 
mais la différence entre le vent gradient et les vents observés 
petite pour avoir une signification quelconque entre 500 m et 


au dessus du sol, 
Lorsque les isobares sont 


courbure du parcours est négli 
considéré avec une bonne appi 
la partie supérieure de la couche, de frottement et au dessus de 

Lorsque les systémes de 


la courbure du parcours peut 
des isobares: on. devra alors a 


i 
ut être eticore observéc à grande 


| | 
rectilignes et leur courbure est 
geable et le vent géostrophique 


pression sont stationnaires. ou 
différer considérablement de la 
oir soin d'employer le terme soi 


hauteur, 


etitel | 1а 
eut étre 


roximation comme le vent véritable dans 


celle-ci é 
presque. 
courbure 
de vent 


géostrophique. soit de vent gradient, comme évaluation approximative 
du vent véritable au dessus de Ja couche qui peut étre influencée par 


le frottement d'une fagon ap réciable et dans laquelle les vents 


différent sensiblement. du ver t i 


Sur la terre-ferme les conditio: 
tions de la rugosité du sol: й 


observés 


¡éostrophique calculé ou du vent gradient. 
ns¡varient sensiblement à cause des varia- 


est généralement reconnu que le rapport 


de la vitesse du vent observé + eticelle du vent géostrophique varie selon 


la direction du vent. En mer 


ces conditions sont assez simples | et 


l'analyse des cartes du temps ont montré que le rapport entre le vent 


1 
observé et le vent géostrophique est approximativement de 2 
direction du vent observé en [mer est en général de 15" à 30" 


des isobares (dans l'hémi 
tions des hautes et moyennes 


telle que le vent est essentiellement géostrophique. Sur les 
contrôle géostrophique est faible eti les 


tropicales et subtropicales le 


tre boréal). Ceci s'applique at 


à 3); La 


à gauche 


x condi- 


| 
¡latitudes où la courbure des isobares; est 


lati hides 


vents observés peuvent être de nature Eulérienne ou anti- -triptyque. 


Dans ces cas il n'existe auen 
pression et le vent. 


(3) — E. Gold — Barometrié gradient and wind force — “Met, 


n. 190 


ini relation simple entre le gri 


| 
11 


dient ide 
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Le rapport entre le gradient de pr-ssion et les vents observés a une 
grande importance, soit pour le tracé des isobares єп mer, ой les obser- 
vations de pression sont rares, soit pour les prévisions des déplacements 
des.massegyd'air et des fronts. On attire d'autre part l'attention sur le 
fait que le (rapport entre le vent observé et le gradient de pression est 
sensiblement modifié et peut devenir fictif lorsque le gradient de pression 
change rapidement. Ceci est dú au fait que le mouvement ne survient 
pas entre des forces en équilibre. Dans ces conditions le mouvement 
tend à s'adapter| au gradient de piession; mais l'équilibre est incomplet 
et il en résulte une composante de la vitesse le long du gradient isallo- 
barique. : | 


L'équation du vent gradient peut avoir seulement les solutions sui- 
vantes ayant une signification physique: 
y t 


2 r 


A 
IE 4 Va 
Ve mar 1 — Duc - J courbure anti-cyclonique 
1 


o 
^ 71. + Va 
Va = Ar + — 1 J courbure cyclonique 


r 


I 
] | 
où À représente le terme 2u sin ¢ (où « est la vitesse angulaire du disque 
tournant à In latitude ) et r est le rayon de courbure. 


Echelle! du vent géostraphique 


Les rapports entre vent et pression indiqués dans les équations ci- 
dessus peuvent être transportés sur une feuille de celluloide en tenant 
compte de là projection et de l'échelle de la carte du temps. Il convient 
donc de transformer les variables en vnités convenables. 


En premier lieu la vitesse du vent peut étre transformée en unité 
Beaufort comme on a fait dans la table 1. 


La vitesse du vent géostrophique est donnée par: 


1 ap 


А pa ün 


Í p 
où p indique la densité de l'air et —— le gradient de pression. 
don 
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En employant le système d'unités: métre, tonnes, seconde, p devra 
être exprimé en centibar et p en tonnes par m”, Si les isobares sont tra- 
cées pour chaque 5 millibar (995, 1000, 1005) on peut poser: 


i др 0,5 
| oc H 


; ой Н ‘représente la distance entre deux isobàres voisines. Puisque 
Dd pralp/RT et A == 2 w sin c, dans l'équation précédente on а: 
1 : H WE 1 


І RT 1 
| o H a — -——— (metres) 
i p 4% sin 7 V.. 


| 

Е En partant de cette formule on реш calculer la distance entre les 
isobares voisines qui correspondent aux vitesses équivalentes indiquées 
dans le tableau I. Ainsi à chaque valeur de Н correspond un certain vent 
géostrophique (qui varic selon T, p et 2) et vice-versa. 

Les variations qui dépendent de T et de p sont en conséquence aussi 

faibles qu'il suffit dans de nombreux cas d'adopter des valeurs moyennes 

de ces variables. Le rapport entre Н et Vi. (pour p == 1.000 millibars 

et T == 283° К) est donnée par le tableau I et les corrections pour les 


variations de p et T sont indiquées dans le tableau II ci dessous. i 


TABLEAU I 

m К i 

Rapport entre le gradient de pression (0,5/4), le vent géostrophique (Vi) et le 
déplacement géostrophique pour 6 heures (D) lorsque p = 1.000 M, et 

T = 283? K (tab. 1) 


Limites ' ¡21.600 V.. = ol 
des numé-' Vert géo. | déplacement i Valeurs correspondantes de Н (km) 
гов de ;' stroph. | géostroph. | pour différentes latitudes 
Beaufort ; i en 6 h ! 
р 5 E oS SSR ерды E E 
Н : 1 
| m/s c km | 400 500 60° 70° 
lel f i : ! 
| E | i : | | 
2-3 3,4 ; 75 1.280 1,080 945 875 
3-4 5,3 : 120 825 690 610 565 
4—5 7,8 ! 160 580 | 490 430 400 
5-6 9,9 215 440 370 325 300 
6-7 12,5 270 | 350 205 255 240 
7-8 15,4 335 280 240 210 195 
8-0 18,3 300 240 200 175 j 165 
9-10 21.6 465 200 170 150 140 
10-11 25.2 542 175 145 30 120 
11 12 235.1 j 625 150 | 125 110 105 
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1 
i 
i 
i 
i 


to 


IE TABLEAU |! 
| | 
Corrections pour cent des tableaux | et 131 pour fes variations 
de T (°C) et p (Mj) (tab. II). 


5 mg E | 
— |o лоо oc | sc | zc 
р m : | 
€ | — 
| р ! i і 
1.00 — ا‎ | 80500 —4 | 0 
1.020 ! — 8j) — 5 i —2 2 
1.000 — | — 6 — 4 | 0 ^s ud 
980 І — Ai — 2 2 6 
so — 2 о! ro 0 qt od 
i | и 


— gg . ——— gLw' — — 
, ‚ i : 2 | р 
Pour l'emploi sur des cartes du temps il convient quelquefois rem- 
placer Ve. par la distance D que l'air pourrait parcourir pendant 6 heures 
si le vent était strictement géostrophique. i 
i 1 


On trouve alors que: 


D == 21.600 V.. 


| 
fds 
i (mètres) 
m 


On a expliqué ci-dessus à 


ue Ja vitesse du vent en mer sur une latitude 


й Г. р : Д 
moyenne ou haute ой le contróle géostrophique est plus marqué, est assez 
voisine au 2/3 du vent géostrophique. On peut donc écrire V iu 2/3 V..: 


y cette valeur substituée dans l'équation du vent gradient donne: 
1 
| RT 1 
1 — — 
Бор 6 sin z V 
1 


De cette équation s'ensui* 
sont observées en mer, lc 
navire peut étre déduit du 


i | | А 
que. lorsque la direction et la vitese du vent 
gradient de pression dans le voisinage d'un 
vent observé. Les valeurs correspondantes de 


— 


Het de V sont indiquées dans le tableau HI pour T зэ» 283° K et 
p == 1.000 Mn. Les influences dues aux variations de pression et de tem- 
pérature sont faibles ct peuvent être corrigées à l'aide du tableau IL. 


| 

Les formules ci-dessus s'appliquent lorsque le contrôle géostrophique 

est prévalent, lorsque la courbure du parcous n'est pas tellement grande 
et lorsque la distribution de la pression ne change pas rapidement. Si la 


courbure du parcours est considérable, le vent gradient devra être em- 
i | 
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ployé à la place " vent géostrophique. Sur les hautes et moyennes lati- 
tudes la courbure du parcours est souvent tellement petite que le terme 
cyclestrophique| est ¡négligeable. 

Le tableau suivant montre le rapport entre le vent gradient et le vent 
géostrophique selon les différentes courbures cycloniques 4 des latitudes 
différentes. Lor& üe la courbure est anti-cyclonique, la vitesse du vent esc 
rarement trés forte: et le rayon de courbure est gênéralement grand. La 
différence entre; le vent géostrophique et le vent gradient est alors assez 
petite. i 1 


' 


| 
pa TABLEAU III 


Rapport entr id vent géostrophique et le vent gradient (courbure 


cyclonique) 


1 

i iul | Vent gradient m/sec 

Vent géos- | Latitude ! 

trophique : EN [Secas —ũ—— A es S 
m/sec : degrés 


г = 10000 = 1.000 r = 500 | r == 200 
km km km km 


1 
i 10 a 1 5 
20 : 10 9 8 6 
10 | 30 | 10 9 8 7 
| 10 1 10 9 : 9 8 
| ra : ' 
10 i 19 13 i 11 8 
20 i 19 | 15 : 13 10 
. 20 40 | 19 Н 17 i 15 2 
70 | 19 | 18 16 13 
que A 1 
| NE ' : i | 
| 10 à 26 18 | 14 10 
| 20 | 28 | 21 : 18 13 
30 40 i 29 : 24 21 16 
| 10 : 20 25 | 23 18 
| AN | 1 
| 10 ; 43 25 20 14 
i 20 46 ; 31 25 18 
50 | 40 47 A 36 | 30 23 
| 10 48 39 i 33 26 
+ 1 i H H 
| 10 i 57 33 24 | 16 
i 20 62 39 31 22 
10 : 40 65 : 47 38 28 
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Ces données concernant le rapport entre le gradient de pression 
et le vent peuvent étre rapportés sur une feuille de celluloide selon ce 
aui est indiqué dans la fig. 2. En faisant ainsi il est nécessaire de tenir 
| compte de la projection et de l'échelle de la planche du temps. L'orga- 
Е nisation météorologique internationale a recommandé trois projections 

i conformes (orthomorphiques) dont la projection conique conforme Lam- 
bert est conseillée, pour les moyennes latitudes, le cône intersectant la 
{| sphère à 30º et 60°. | 
} L'échelle de ces cartes est uae fonction de la latitude et on en a 
|}. tenu compte pour la construction de la fig. 2. 


| Bg F 8 
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Fig. 2 — L'échelle du vent géostrophique. | 

| 

i La construction de l'échelle du vent peut être indiquée selon ce qui 
suit: les distances entre les isobares voisines sont reportées le long de 
l'échelle A-B. Les numéros entre les lignes verticales indiquent le vent 
géostrophique, à savoir les numéros de ‘Beaufort, qui correspondent aux 
||| distances mesurées entre les isobares voisines. Les distances verticales 
de la ligne A B à la courbe C D E indiquent les distances que l'air aurait 
parcouru en 6 heures si le vent avait été strictement géostrophique. Ces 
valeurs sont indiquées sur le premier tableau, Les corrections pour la 
courbure du parcours peuvent être calculées selon ce qui est indiqué 


i 
| 
| 
| 
| i 
| 

i 
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pour la courbe С (courbure cyclonique) et pour la courbe À (courbure 
anti-cyclonique) . Les données nécessaires sont fournies par le dernier 


tableau ou par l'équation: 


RT 1 
Hsc 
P 4 sing V 


Ainsi. lorsque le rayon de courbure cyclonique est de 800 km. la 
distance que l'air pourrait parcourir avec une vitesse du vent gradient 
en 6 heures est indiquée par la distance entre la courbe c et la courbe 
C D E. Si la courbure était anti-cyclonique lair se déplacerait plus 
rapidement du vent géostrophique de la quantité indiquée par les lignes 
entre la courbe a et la courbe C D E. Un nombre suffisant de ces courbes 
de correction peut étre tracé sur le graphique. On doit remarquer que 
les grandes courbures cycloniques par vents forts sont rares. En mé- 
téorologie оп démontre que lorsqu'on calcule le déplacement des fronts 
E et des masses d'air, il est préférable de choisir des points sur Ja carte 
E oü la courbure du parcours est si petite que les corrections sont de gran- 
[| deur négligeable. Le diagramme est construit pour 60" de latitude mais 
| à cause de linfluence combinée des variations de latitude sur le vent 
i géostrophique et sur l'échelle de la carte, le diagramme est valable avec 

une exactitude suffisante pour un vaste champ de ş sur les moyennes 
ш latitudes. Les corrections de latitude qui devraient être appliquées aux 
distances parcourues en 6 heures sont indiquées dans le graphique. 


La partie de l'échelle du vent géostrophique à gauche de laligne A F 
peut être employée pour déterminer le vent approximatif au sommet de 
la couche de frottement et le déplacement des fronts des masses d'air, 
! selon ce qui sera indiqué par la suite. La pertie sur la gauche du dia- 
gramme sert pour deux autres buts. L'échelle 1 H est calculée avec 
l'équation précitée qui donne le rapport entre le vent observé (repré- 
sentatif) sur la mer et le gradient de pression. Les données sont rappor- 
E tées dans le tableau III. Par exemple si un navire observe un vent de 
E la force 7 de l'échelle de Beaufort. la distance le long de I H delà 
IER linterval indiqué par 7 indiquera la distance approximative entre les 
| isobares en proximité du navire. Ce rapport est particulièrement utile 
| pour tracer les isobares еп mer lorsque les observations sont peu nom- 

breuses, L'échelle | H peut aussi ¿tre employée pour déterminer la 
force approximative du vent d'aprés les isobares lorsque les observations 
| sont peu nombreuses. 

Les applications de l'échelle du vent géostrophique décrite ci-dessus 
' ne sont pas valables sur les latitudes tropicales ou subtropicales, où 

léquilibre géostrophique est moins rigide, ni même pour les moyennes 
et hautes latitudes ой la vitesse du vent est faible. Cependant lorsque 
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les isobares sont tracées avec un certain fondement, on peut faire un 
large usage de l'échelle des vents au nord de 35", pat ex. lorsque la 
force du vent est supérieure au numéro 4 de Beaufort. 


L'échelle indiqué par F С dans la fig. 2 est employée pour corriger 
les tendances barométriques observées sur le navirc. 


L'organisation et l'élaboration de la statistique des ressources 
éoliennes. À | 
| . 
D'aprês ce qui a été exposé ci-dessus il est à présent facile de dé- 
duire les critêres pour le tracement des courbes d'égale vitesse de duréc 
moyenne dans l'année. Il est d'abord nécessaire d'établirique ces courbes 
doivent en premier lieu étre considerées comme courbes d'intégration de 
la vitesse du vent sur toutes les directions de l'horizon. Cette première 
recherche, selon ce qui a été dit. devrait servir comme représentation 
relative de l'énergie du vent disponible dans les différentes régions: il 
n'y aurait donc aucune raison de se préocuper des directions, d'autant 
plus que, surtout pour les zones en plaine, on pourra avoir recours à des 
installations aéro-électriques pouvant s'orienter selon les vents et par 
conséquent pouvant fonctionner pour chaque direction des courants d'air. 


On devra toutefois renoncer à cette simplification lorsqu'on passera 
à une étude plus compléte de ce probléme dans une zone montagneuse 
oü certainement l'importance de l'orientation des courants d'air, due à 
la conformation particulière du système orographique. se fera sentir 
d'autant plus fortement lorsque la construction d'installations fixes selon 
le nouveau type cité ci-dessus, sera préférée à l'emploi; d'un moteur à 
vent orientable du type normal. Dans ce cas il semble indispensable de 
tracer pour chaque localité les courbes d'égale vitesse pour la direction 
ou le groupe de directions utilisables pour des installations fixes orientées 
en tenant compte de la morphologie locale. Celle-ci est donc une recher- 
che qu'on devra faire en méme temps soit sur les directions du vent 
dominan: soit sur la conformation orographique de la localité; par ce 
fait on pourra arriver au double résultat de pouvoir choisir les endroits 
où il convient de construire les aménagements aero-électriques et en 
méme temps, de pouvoir fixer leur puissance d'une facon analogue à ce 
qui a été fait par la statistique des ressources hydrauliques. 


Dans le cas où les données anémologiques disponibles pour les dif- 
férentes localités aient été déduites des observations barométriques selon 
le procédé précité. il est presque inutile de mentionner la nécessité de 
tenir compte des déviations, communijuées aux courants d'air sur les 
grandes directions ainsi déterminées par les caractéristiques orogra- 
phiques de la région, étant évident que, par ex., en présence de vallées, 
de gorges ou de cols le long des sommets des montagnes, le vent sera 


dirigé vers une ou deux directions obligées. 
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On: pourra ensuite passer à l'examen des critères économiques de 
l'installation des moteurs à vent et de l'intégration des ressources hydrau- 
liques de la région en ayant soin d'établir toutes les corrections indiquées, 
peur le passage des valeurs du vent calculé sur la base de la pression 
aux valeurs du vent réel, compte tenu aussi des formules suivantes pour 
la détermination de la correction de la vitesse du vent due au frottement. 

Hellman a exprimé l'augmentation de la vitesse du vent en hauteur. 
d'aprés des mesures faites А Nauen сї à Postdam, avec les formules 
suivantes: 


جس و у‏ 


pour les hauteurs moyennes: a 
: ә ho 


А 5 
et pour les hauteurs entre 16 et 500 m: V == 2,7 Vh 


Grosse de Bréme a indiqué pour ce cas la formule: 


0,19 
V — 291. h 


T. Bradke donne par contre la formule: 


0.246 
V 1,2 + 1,79 h 


tandis que dans la méme publication (Meteorologische Zeitschrift 1928) 


М. Láska donne: 
x-1 
log V, = log Vil 1 + — 
NU 


ой log V, = 0,5333 


H. Bouguards indique la formule: 


$ log h 
iss 24 
View У, 0.715 


Au Service Meteorologique de l'Aviation on trouve les cartes des 
isobares pour chaque 5 et méme 3 mb, pour chaque jour ct méme pour 
12 h ou bien pour 6 h et cela pour unc période qui va de 15 à 20 ans 
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selon les différentes stations. En se basant sur ces cartes il sera pos- 
sible de recueillir les données qui intéressent la vitesse ct la direction 
du vent pour intégrer d'abord lescourbes d'égale vitesse et en deuxiéme 
lieu les études spécifiques pour des installations aéro-électriques parti- 
culières. L'approximation qu'on peut atteindre avec ces données dans 
le domaine de la statistique des ressources éoliennes est comparable à 
celle établie par le recensement des ressources hydrauliques; en tous 
cas, étant donné l'impossibilité de recouvrir le territoire national d'un 
résean d'appareils trés coûteux et d'un entretien difficile comme les 
anémographes, ce systéme est le seul qui puisse étre envisagé à l'état 
actuel des observations et méme pour un avenir prochain. 


Etant donné que le but de la statistique même est l'orientation des 
recherches définitives pour l'emplacement des installations aéro-électri- 
ques et pour l'évaluation ct le calcul à large approximation de l'énergic 
qu'elles pourraient produire, il semble indispensable d'en fixer les bases 
dés à présent sans attendre des perfectionnements difficiles à réaliser: 
il faudra de méme en commencer l'étude pour les régions qui intéressent 
plus spécialement telles que l'Italie centrale et meridionale et les iles. 


Un procédé assez simple pour établir l'étude des données anémolo- 
giques calculées sur la base des données de la pression déduites des 
cartes isobariques pourrait étre par ex. le suivant: 


On reporte sur une fcuille de papier transparent le plan des points 
pour lesquels il intéresse de connaitre le régime des vents dans la méme 
échelle des cartes; on applique successivement cette feuille sur chaque 
carte d'un jour en marquant pour chaque point le gradient de la pression 
et la direction des isobares correspondantes sur un tableau spécial sc 
référant au jour et à l'heure de chaque carte. En portant sur ces tableaux 
les corrections de la vitesse et de la direction du vent déjà mentionnées 
on pourra établir d'autres tableaux sur lesquels оп aura indiqué pour 
chaque point les vitesses et la direction du vent corrigées. ainsi que tous 
les jours et les heures relatives, pareillement à ce qui a été obtenu pour 
les stations d'observations réelles. Il sera alors possible de tracer au 
moyen du procédé indiqué ci-dessus les courbes d'égale vitesse de durée 
moyenne dans l'année, d'abord pour toutes les directions de la méme 
région et ainsi de suite. aprés une étude soignée des directions domi- 
nantes pour les emplacements choisis pour les installations aéro-électri- 
ques, les courbes d'égale vitesse de ces directions. Sur la base de ces 
dernières courbes on pourra alors établir la puissance productibie par 
les aéro-moteurs d'un certain diamètre des pales et ensuite la puissance 
complète de l'installation comprenant un certain nombre de ces aéro- 
moteurs. 

En tenant compte de la nature du sol, des difficultés de transport. 
etc.; on pourra se faire une idée du prix de revient des travaux de terras- 
sement, de la maconnerie et du béton armé nécessaire pour la partie fixe 
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| nn 
i | | 3 
de l'installation. tandis que pour la machinerie, les moteurs à vent, les 
générateurs électriques, etc. on pourra avoir recours aux données | stan- 
dardisées d'usage normal. : | 
B | 
+: Á 
ME П PARTIE | 
| | 
4-2. Centrales aéro-électriques | 
| 
| i 
En exposant librement à l'air un tube Venturi la différence des. 
pressions sur la section antérieure et sur la section étranglée intérieure: 
Pa — pi est obtenue par des expériences et indiquée par l'équation: | 
É | 
I Р | 
p — р = K.——- Ма? = Ка | 
‘la i 2 | 
; E Б | 
ой V, représente la: vitesse du vent à l'extérieur, p la densité de l'air ct 
ii | 
lo i 
р | | | 
q == — Ма? pression aéro-dynamique: К représente un facteur numé- 


tique qui dépend essentiellement de la forme du tube Venturi et. qui 
dans le cas d'un ou de plusieurs tubes Venturi disposés l'un dans l'autre 
sur le même axe selon ce qui a été réalisé dans le modéle employé, dépend 
du nombre de tubes. M employés. Ce modéle (fig. 3) correspond а un 
type de multiplicateur de la pression aéro-dynamique et par conséquent 
de la vitesse du courant d'air à l'extérieur, selon un brevet de l'A. 
; | | 

On savait déjà que ce facteur dépend fortement de la vitesse Va 

Ж | 

surtout en raison de la variation du numéro de Reynolds selon la vitesse 
par rapport à la viscosité dynamique et de l'influence de la comprimi- 
bilité de l'air. Seloni ce qui est bien connu en aéro-dynamique. la loi de 
similitude mécanique seulement alors est valide c'est-à-dire le flux. ou 
mieux encore les formes de courant d'un fluide quelconque ou d' un gaz 
dans les corps géométriquement semblables. sont elles-mémes géomé- 
triquement semblables (dans le cas ou l'on considére seulement la vis- 
cosité et la portance: et que l'on néglige la gravité, selon ce qui advient 
généralement pour le mouvement des fluides dans les tubes), lorsque 
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la grandeur Vd. dans laquelle d'est le diamètre du tube, reste cons- 


+ 


tant. Cette condition de similitude a été énoncée pour la premiére fois 
par Osborne Reynolds et pour ce fait cette grandeur est appelée "nom- 
bre de Reynolds" et est indiquée par la lettre R. La necessité d'augmen- 
ter conformement la vitesse en proportion à la diminution des dimensions 
du modéle résulte alors évidente. 


|-— 37,5 — 


Fio. 3 — Modèle du multiplicateur de pression aro- dynamique employée dans les essals 
аи tunnel aéro-dynamique. 


En conséquence étant donné que les vitesses résultantes sur la 
section la plus étroite du modèle sont souvent de l'ordre de grandeur de 
la vitesse du son. il se produit de notables variations de la densité de 
l'air qui, peuvent avoir leur influence sur les indications du modéle. En 
variant seulement la vitesse il ne serait donc possible de séparer nette- 
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ment ces deux influences. En outre pour des installations aéro-électri- 
ques situées à différentes hauteurs au dessus du niveau de la mer, cor- 
respondent des valeurs différentes du rapport и/р (viscosité cynéma- 
tique), à cause de la moindre densité et des plus basses températures: 
pour cette raison le nombre de Reynolds varie méme indépendamment 
du rapport entre 1а vitesse du vent et la vitesse du son. | 

Dans les tunnels aéro-dynamiques les plus perfectionnés on а la 
possibilité de rendre l'air raréfié à l'intérieur: ainsi en variant la densité 
de l'air à étudier, on pourra déterminer l'influence du nombre de Rey- 
nolds indépendamment de celle de la comprimibilité de l'air. 

D'après les expériences faites par les professeurs A. Betz et Н. 
Peters en. Allemagne en 1932 dans un tunnel aérc-dynamique de ce 
type, (1) ceci a été réalisé d'une facon assez satisfaisante en obtenant 
des résultats qui sont ci-dessous brièvement resumés. | 

Dans la fig. 4 on a rapporté le facteur К en fonction du nombre 
de Reynolds: | 


n 


où d, représente le diamètre de la section la plus étroite mesurée, V. 
et p, la vitesse et ia densité de l'air pendant le flux sur ce point. Dans 
cctte formule il est préférable de prendre la viscosité dynamique de l'air 


a 30,7 bis 0,019 
» 20,095 » QUSS 
» 30,069 « 0,090 
» 20,002 „ 0,077 
н 0,07 « 007$ 
n 20083 n 0,060 
w 400835 ~ d, 
^ a 00467 » 0,0975 
me „00136 n 0,0369 
n = 00539 m 0,0350 


Y 
беооеоево + 


U 9 10-103 


Fig. 4 — Le facteur de multiplication К еп fonction du nombre de Reynolds pour 
différentes densités l'air, i 


(1) Le: "Lufts laboratorium" der А. V. A. in Gottingen, 
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relative à la température de l'ambient extérieur. Les grandeurs p, ct V, 
peuvent facilement être calculées en partant de la différence p, — pi en 
se basant sur les formules de la dynamique des gaz. Etant donné que 
la comprimibilité de l'air a une influence sur les grandeurs V, p et sur 
lesquelles est basé le nombre de Reynolds. il n'est pas possible de dis- 
tinguer d'une facon incontestable l'influence de la comprimibilité de l'air 
de celle de la viscosité. П y a cependant dans le choix du nombre de 
Reynolds une certaine liberté qui permet une différentiation de ces deux 
influences. 

Sur la base des expériences qui ont été faites en reléve de la fig. 4 
en échelle logarithmique que toutes les valeurs trouvées pour K peuvent 
étre disposées selon une fonction linéaire du nombre de Reynolds jus- 
qu'au moment ой la vitesse du son sera atteinte dans la section la plus 
étroite. Au delà de ce moment aucune augmentation de V, ne sera plus 
possible. Les résultats des expériences sur modèle donnent alors une 
valeur constante de la différence p, — ps. malgré l'augmentation de la 
vitesse du vent V,. La valeur К en conséquence descend rapidement 
selon ce qui est indiqué par les points correspondants qui descendent 
presque verticalement. Sur le modéle employé pour les expériences, de 
dimensions assez réduites, la section la plus étroite était de 8.1 cm de 
diamètre: par conséquent le rapport de similitude avec une installation 
d'un moteur à vent d'un diamétre de | m 50 monté sur la section étroite 
du tube intérieur est de | à 18 environ. A la vitesse V,. considerée égale 
à celle du son dans le modéle. devrait correspondre en conséquence une 
vitesse du courant d'air dans le tube intérieur de l'installation égale à 
18,33 m/sec. et pour une valeur du facteur K égal à celui indiqué par 
les expériences, une vitesse du vent de 6m /sec environ. Pour des vitesses 
plus grandes ou des dimensions plus grandes de l'installation il faudrait 
entreprendre des expériences sur des modéles plus grands, mais toujours 
à condition que dans le modele la valeur V, de la vitesse du son ne soit 
pas dépassée, D'ailleurs, selon ce qui a été dit, cet inconvénient pourra 
étre évité en gardant un rapport entre la différence de la pression et la 
vitesse dans le tube ап moyen d'une courbe d'étalonnage valable pour 
un tube Venturi géométriquement semblable. 

Dans ce cas, pour une forme de l'appareil de grandeur naturelle 
géométriquement semblable au modéle réduit en adoptant la méme courbe 
d'étalonnage, c'est-à-dire la ligne de la fig. 4, on aura, méme pour des 
vitesses du vent supérieures à 6 m/sec, les valeurs du facteur К indiquées 
par le prolongement de la droite en question jusqu'à atteindre les or- 
données relatives au nombre de Reynolds correspondant. 

Une prentière considération assez intéressante peut être déduite des 
résultats de ces expériences: c'est à dire la variation de K en fonction 
de la vitesse du vent et de la pression de l'air. 

Cependant méme la valeur K pourra varier selon que t varie: ceci 
pourra étre facilement prouvé par les essais suivants. 
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Pour les buts pratiques ce qui intéresse c'est la dépendance du 
facteur K de la différence p, — p, de pression. On devra alors trans- 
former la relation К -= f (R) dans l'autre К -= f (Pa — pi) en intro- 
duisant la pression p, et la température t comme paramètres. Si on pose: 


Es : É Pa — р 
| K = 


p 


i 
| Ма, 
| 2 


on aura en effet les valeurs K dans la fig. 5 pour plusieurs pressions p. 
(en kg/m?) et pour les températures t = — 40", 0" et + 340" C. 

Selon ce qu'on а vu, lorsqu'on atteint la vitesse du son dans la 
section lo plus étroite. la différence de pression p, — р. méme si la 
vitesse augmente encore, reste presque constante. La pression aéro-dy- 
Namique maxima correspondante est représentée par 


=| 1— 4 


kg/cm? 1000 2000 3000 4000 5000 


Fig. 5 — Le facteur da multiplication K en fonction de la différence de pression pour 


différentes pressions et températures. 
т 
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peut étre calculé sur la base des lois fondamentales de l'aéro-dynamique. 
Dans la fig. 6 on a reporté la courbe 1 — А qui représente ia valeur 
théorique maxima de 


Pu == Pi 


Pa 


Dans cette méme fig. 6 on a reporté aussi les valeurs des rapports 
des différences de pression p. — py avec la pression extérieure p, par 
rapport à la vitesse extérieure V,. On aurait ainsi une bonne corres- 
pondance de «ces deux valeurs lorsque la section of a lieu la mesure 
coincide avec la section !a plus étroite. Cependant étan: donné que sur 
le modéle expérimenté la section of a lieu Ja mesure se trouve un peu 
en arriére dc la section étroite, c'est à dire vers la partie ой la section 
s'élargit. on à mesuré sur ce point une pression plus haute que sur cette 
dernière, lorsque Ja vitesse de l'air y est plus petite que celle du son 
(action du diffuseur). A peine cette vitesse aura été atteinte il est 
possibie d'avoir sur le point ой la section s'élargit une autre expansion; 
ainsi la pression sur la section choisié pour la mesure peut devenir plus 
petite. 

Cette expansion successive cependant ne peut continuer à augmen- 
ter car la pression sur la section de sortie du diffuseur est toujours plus 
haute que sur la section la plus étroite, Dans le diffuseur on aura donc 
un saut de pression (coup de bélier) qui peut étre soit axial soit oblique. 
Dans l'aéro-dynamique il est reconnu que ce phénoméne varie d'un en- 
droit à l'autre selon la pression de la section de sortie du diffuseur et 
selon les variations minimes de la forme du diffuseur et de ses caracté- 
ristiques superficielles. En conséquence la reproduction du saut de pres- 
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sion dans le méme point aussi pour le méme tube est assez probléma- 
tique: La pression p, sur la section ой l'on fait la mesure dépend du 
point où se forme le saut de pression. La fig. 6 montre le déplacement 
du saut de pression par rapport à la densité p, ou mieux encore du nom- 
bre de Reynolds par rapport à la section de mesure. comme si pour des 
nombres de Reynolds plus grands le saut de pression se produisait der- 
riére la section ой se fait la mesure: en conséquence 


| Pa — Pu 
: — — > — А 
| Я Pa max 


| . 
tandis que pour des nombres de Reynolds plus petits elle passerait 
devant la section à mesurer immédiatement aprês la section plus étroite: 
ainsi | 


| p. — р 
| ———— «1-—4A 
: Pa max 


D'après les expériences mentionnées on peut déduire les conclusions 
suivantes: 


1) lappareillage qui concerne le brevet précité, consiste en deux 
ou au maximum trois tubes Venturi montés sur le méme axe disposés 
de façon à réaliser une forte augmentation de la dépression sur la section 
étroite du tube intérieur: cette disposition a un grand avantage sur le 
simple tube Venturi, cai elle permet d'obtenir une plus grande valeur 


+GanQgr? bis 0,119 
Ф n 20,095 n 


0,099 


O н = 0,062 n 
@ „0.0056 « 
o "+ 0,0339 n 


de ia vitesse du vent. 
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du facteur K de multiplication de la pression aéro-dynamique ou bien 
de la différence des pressions extérieurc et intérieure avec un plus petit 
rapport entre les diamètres de la section antérieure et de la section 
étroite de chacun des tubes: en outre elle presente des limites de fonc- 
tionnement en dehors desquels ce facteur K reste constant avec l'aug- 
mentation de la vitesse du vent. ce qui arrive lorsque le courant d'air 
dans la section étroite du tube intérieur atteint la vitesse du son: 


2) la loi de la similitude mécanique entre le modéle employé pour 
les expériences et lappareillage pour les installations aéro-électriques 
en grandeur naturelle qu'on voudrait construire selon le modéle méme 
mais de dimensions plus grandes. est valable et par conséquent les phé- 
noménes remarqués dans les expériences sont extensibles aussi aux ins- 
tallations єп grandeur naturelle lorsque le rapport entre les dimensions 
des tubes est égal au rapport inverse des vitesses des courants d'air qui 
se forment dans ces tubes. Pour des vitesses plus grandes il est indis- 
pensable d'avoir recours à une courbe d'étalonnage valable pour le 
champ des vitesses susdit pour le modéle et pour l'installation en gran- 
deur naturelle, et de prolonger cette courbe. qui est une ligne droite. 
jusqu'à atteindre le champ du nombre de Reynolds correspondent aux 
vitesses et aux dimensions de l'installation réelle. 


De la premiére conclusion on peut déduire d'abord tout au moins 
pour les installations de petite ou de moyenne puissance, la possibilité 
de rendre le systéme des tubes Venturi tournant sur un plan horizontal 
de facon à se placer dans la direction du vent, En outre, étant donné 
l'importante réduction des dimensions des tubes, qu'on obtient en em- 
ployant le dispositif des plusieurs tubes Venturi concentriques méme 
pour les installations fixes de grande puissance devant étre installés dans 
une localité ayant un régime des vents dans une seule direction. la 
puissance instaliée d'une seule unité de la centrale éolo-électrique est 
limitée seulement lorsque on atteint la vitesse du son dans la section 
étroite du tube Je plus intérieur: ce fait peut se vérifier seulement avec 
trois tubes concentriques et peut étre atteint seulement d'aprés les di- 
mensions qu'auront les tubes mémes et surtout la longueur du tubc 
extérieur, Ces valeurs peuvent étre comparées à celles des plus grandes 
unités des centrales hydro-électriques et thermiques et on a donc, méme 
à cet égard, une parfaite égalité avec les systèmes de production d'énergie 
concurrents. 


Ces considérations tout en étant évidentes par elles-mémes sont 
confirmées par une série d'expériences faites sur des modèles hydrau- 
liques pour l'expansion du flux divergent et de forme conique; au moyen 
de ces essais tout en ayant négligé les changements de densité et de 
température qui, sont pratiquement sans importance pour une vitesse de 
lair inférieure à celle du son. on a mis en évidence les phénoménes 
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| 

s | mécaniques intérieurs sur les changements d'énergie qui se verifient 
| | i avec ces expansions. Ces phénoménes ont une grande importance mème 
i i pour le projet des pales du moteur à vent à placer dans un tuyau. dort 
i le fonctionnement peut étre comparé complètement à celui d'une turbine 
| Kaplan ou à hélice, ауес diffuscur. sauf la nature comprimable du 
i 


| fluide. ce qui. par ailleurs. pour les raisons énoncées. n'a aucune influence 
i. pe pour le résultat final. 
1 


| En partant de la considération du problème à trois dimensions on 
RÉGIE peut alors évaluer les influences dépendant du rombre des pales. des 
i : : valeurs des angles d'incidence des pales à lentrée ou à la sortie. des 
| | trois dimensions du courant et de son aspect réel, ainsi que de sa con- 

` formation aéro-dynamique. dans la partie de la roue qui porte les pales. 


De cette facon, compte tenu de toutes les circonstances qui ont une 
influence sur la puissance du moteur. on peut arriver à un système de 
calcul suffisamment exact et répondant aux exigences du projet normal 
| de ce type de turbines qui permet d'atteindre ип degré approximatif 
| | supérieur à celui des autres méthodes connues. 


| 
$ 
| Tout en renvoyant l'étude approfondie de la question à la vaste 
| HE i bibliographie technique concernant ce sujet, et surtout au dernier mé- 
d | zd. s + moire du Prof. Medici (4). il est intéressant de remarquer que le fonc- 
«HN 
| 


tionnement du moteur à vent en tuyau est identique à celui d'une turbine 
^ reaction installée à une certaine hauteur sur le niveau de déchargement, 
ou la partie restante de la chute est utilis$ en aspiration. Dans les tur- 
bines à grande vitesse. le tuyau d'aspiration doit fonctionner comme 
diffuseur pour récupérer l'énergie considerable de la vitesse de déchar- 
В i ; : gement et il devient une partie essentielle de la turbine. D'une façou 

| 1 analogue, dans le fonctionnement du moteur à vent en tuyau la forme 
З du diffuseur du tube Venturi, tronco-conique à génératrices rectilignes, 
Hi j a une grande importance. 


Pp | Cependant. indépendamment du systéme décrit ci-dessus et еп 
; | accord avec celui-ci une autre aspiration est obtenue. aux dépenses de 
zn E l'énergie éolique disponible dans la localité, par la colonne d'air qui 
frappe les aspirateurs statiques ou les tours d'aspiration situées 
en proximité de la section de rétrécissement du premier ou du deuxiéme 
; tube Venturi, ou bien de tous les deux. On indique dans les figs. 7 et 8 
i i deux types d'aspirateurs et les diagrammes des débits relatifs en fonction 


үз dos i (4) — M. Medici — Nuovo assetto dellu teorie approssimata delle giranti 
radiali à palettatura convessa — “L'energia elettri- 
ca". septembre-octobre 1946. 
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de la vitesse du vent. des dépressions et de l'inclination du vent. selon 


ce qu'on a obtenu dans le tunnel aéro-dynamique. Etant donné que le 
débit a de l'aspiratzur croit proportionnellement à la vitesse du уеп! V. 


il a été suffisan' de reporter sur ces diagrammes la valeur [m3] 


qui est indépendante de V. Le méme débit d'aspiration dépend de la 
dépression p, — p, dans le tube Venturi: en Conséquence pour un de ces 


aspirateurs on a reporté l'allure de la valeur en fonction du rapport 


Pi Р, 
p 
— — Ve 
2 


Pareillement se comportera l'autre pour lequel l'examen dans le 
tunnel aéro-dynamique а démontré que. du fait qu'il s'agit d'un long 
tuyau qui peut être frappé du vent obliquement. l'aspiration est plus 
grande par un vent oblique que par un vent horizontal. 


107 û 06 24 uz 0 


Debit de l'aspirateur rota thf pour | D f 
différentes pressions intérieures. Aspirateur rotatif 


Fig. 7 — Type d'aspirateur rotatif et son diagramme relatif des débits, 
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D'autres et plus importantes aspirations sur les sections étroites des 
| tubes Venturi pourront étre obtenues en adoptant les moyens déjà єп 
| ; usage pour les aménagements hydro-électriques au fil de l'eau et à basse 
| chute, ou bien en augmentant la depression sur les sections retrécies 
: mémes au moyeu de moteurs à vent à aspiration du type connu, c'est 
i à dire ceux pour lesquels les pales caves er. tournant produisent par effet 
¡ | de la force centrifuge sur le moyeu tubulaire une aspiration qui est 
| ' transmise à ces sections au moyen de tuyaux. Les différentes combi- 
| naisons de ces divers systémes d'aspiration avec des tubes Venturi 
| offrent une grande variété d'aménagements aéro-électriques. dont la 
puissance ainsi augmentée раг l'augmentation de la dépression dans les 
| tubes Venturi à l'arriére des moteurs à vent, peut atteindre des valeurs 
| : três importantes, tout à fait comparables à celles des unités des usines 
: hydro-électriques. 


-20* 709 0 0° — gg 20° 
Débit de l'aspirateur à tuyau par rapport de Д 
l'angle vertical d'inversion du vent. Aspirateur à éuyan 


Fig. 8 — Type d'aspirateur fixe à tuyau et зоп diagramme relatif des débits, 
SUMMARY 


In the first part it is shown the possibility of the institution of 
5t statistics of available aeolian resources, by means of the determination 
| of curves of equal velocities of the wind of middle duration in the year 

and it is suggested a method of deduction of the velocities and directions 
of the wind from the isobars of the maps for the prediction of the 
weather extant by the Aeronautic Service in Italy. 

In the second part it is reported the result of experiments made 
in the aerodinamic tunnel with models on а small scale of the assembly 
of two coaxial Venturi tubes proposed for the accumulation in the space 
of the energy of the wind, to the purpose of deriving important remarks 
on the from and disposition to assign to the said tubes for obtaining the 
maximal efficiency in the aero-electric plants. 
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Résumé 


Dans la première partie on démontre la possibilité de l'institution 
d'une statistique de l'énergie éolienne disponible. moyennant le tracement 
de courbes d'égale vitesse du vent d'une durée moyenne dans l'année 
et on indique une méthode de déduction des vitesses ct directions du 
vent à parti? des isobares des cartes de prédiction du temps existantes 
en Italie prés le Service Aéronautique. 

Dans la deuxiéme partie on référe les résultats obtenus avec les 
expériences effectutes dans le tunnel aéro-dynamique sur des modéles 
réduits du dispositif à deux tubes Venturi coaxials proposé pour 
l'accumulation dans l'espace de l'énergie éolienne. afin d'en dériver des 
observations impertantes sur la forme et la disposition à donner à ces 
tubes pour obtenir le rendement maximum dans les centrales éolo-élec- 
triques, 


Resumo 


Na primeira parte da monografia. demonstra-se a possibilidade da 
instituicáo de uma estatistica das fontes de energia eólica disponiveis. 
por meio da determinacáo de curvas de igual velocidade do vento de 
duração média anual, indicando-se um método de dedução das veloci- 
dades e direção do vento baseado nas linhas isobáricas das cartas de 
previsão do tempo existentes na Itália, no Servico Aeronáutico . 

Na segunda parte da monografia, relatam-se os resultados obtidos 
com as experiências efetuadas no túnel acrodinámico, com modelos em 
pequena escala do dispositivo de dois tubos Venturi coaxiais, proposto 
para a acumulação no espaço de energia cólica, a fim dai se tirarem 
observações importantes sóbre a forma e a disposição a dar a êsses 
tubos para obter o rendimento máximo nas centrais colo-elétricas. 
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O título deste trabalho permitiria uma amplitude impossível de al. 
cancar dentro dos limites que o condicionam. Assim cingimo-nos a uma 
exposição sucinta da matéria com а intenção precipua de apresentar em 
um breve resumo certos aspectos mais característicos do armazenamento, 
distribuição e utilização dos produtos de petróleo usados como combus- 
tiveis em regiões tropicais e subtropicais, 


Entre as caracteristicas. dessus regiões temos evidentemente em pri- 
meiro lugar as condições climáticas e essay de fato são as que mais irão 
ocupar a пома atenção. Quanto ао sub-desenvolvimento dessas zonas, ex- 
nemamente variáveis são o progreso industrial e agricola, a densidade 
demogrilica e consequentemente as demandas de produtos de petróleo 
e os conhecimentos técnicos dos consumidores que posibilitan um em- 
prego mais ou menos ;inplo e eliciente dos mesmos. Dest'arte € dificil 
abranger num breve resumo todas essas variáveis, a exigir tratamentos 
especificos em qualquer dos trés aspectos por nós ora focalizados, isto c, 
quer quanto ao armazenamento, como a distribuição e А utilização. 


F. indiscutivel ser o petróleo de necessidade crescente; no mundo mo- 
derno e os seguintes algarismos que dão o consume per. capita de pro- 
dutos petrolíferos em 1950 c em diferentes regiões indicam o tremendo 
potencial de consumo cas regiões menos desenvolvidas; 
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A demanda de produtos petroliferos tem crescido de tal maneira 
nos últimos anos que se continua nesse ritmo é de se esperar para 1967 
uma produção anual superior а 1.200 milhões de toneladas de petróleo 
ou seja mais do dóbro da produção atual, O desenvolvimento industrial 
» agrícola requer energia sob tódas as formas e a fig. 1 dá uma idéia 
de como as diferentes fontes de energia contribuiram para esse progresso 
de 1920 à 1950, dando o indice 100 para o total relativo а 1920. 

Ai vemos que enquanto em 1920 apenas 15% do suprimento de 
energia mundial se devia ao petróleo, essa percentagem no raiar de 1951 
já era de 4595, quase igualando a derivada do carvão e lenhito, que no 
mesmo periodo desceu de 83% para menos de 5007. 


O problema da alimentação, imperioso e premente, depende em larga 
escala da urgente mecanização da agricultura a demandar cada vez mais 
tratores e combustiveis de petróleo para os mesmos. Num total da or- 
dei de 7 milhões de tratores existentes no mundo, a Ásia, a Africa e д 
América Latina têm apenas cérca de 400.000 dessas máquinas, pouco 
mais de 5%, o que dá bem idéia da magnitude da demanda potencial 
das zonas sub-desenvolvidas situadas em grande parte em regiões tropi- 
cais e sub-tropicais. 
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ARMAZENAMENTO 


А natureza dos produtos em foco, desde a gasolina até o óleo com- 


bustivel mais pesado, e principalmente seu estado líquido, condiciona 
o tipo de equipamento necessário a seu armazenamento € transporte. 
Essa aparelhagem e os métodos usados são de um modo geral os|mesmos 
usados na indústria para outros liquidos, como p.ex., а água, com dife- 


rencas específicas a que limitaremos nossa atenção. 


NATURAL 
ATURAL GAS 
AS NATUREL 
ERGIA HIDRO-ELÉTRICA 
E DAOELEC TRICCENERATION 
MA YORORLECT RICITE 


2 : 
Li. 
h ^ 

E CNES SR PATHÉ 20902995 А Ыб 
1923 1930 1935 1940 ' 


1980 


945. Р 
T6. 2057 
Propetos VoLATEIS 


Os tanques utilizados рага o armazenamento dos produtos petroli- 
teros são geralmente munidos de suspiros dispostos de modo a, sé neces- 
sirio, permitir o escapamento de vapores para a atmosfera ou a entrada 
de ar рага o interior do tanque. Assim, se exposto ao sol seu conteúdo 
se aquece c no caso de produtos voláteis, como а gasolina, hã vapores 
que se expandem e descarregam para а atmosfera através dos cispiros; 
no caso inverso, isto é, quando há resfriamento, p.ex., à noite, Ва admis- 
são de ar nos tanques. Se esses suspiros não fósem controlados, à repe- 
tição désses processos acarretaria а expulsão de grandes volumes | de va- 
pores, e quanto maior o gradiente de temperatura, main seria à perda 
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assim produzida, Nas regiões tropicais e sub-tropic 
turas de insolação são elevadas, as perdas por evapor 
zenamento dos produtos voláteis são consideriveis 
zi-las sensivelmente, quer protege 


is onde as tempera | 
cão durante o arma | 
e consegue-se redu- 


ndo os tanques contra a insolação, quer 
recorrendo x artifícios que contrarrestem o eleito da temperatura. Os 
principais meios para a comecução dêsses objetivos, considerados econó- 
micamente utilizáveis, são os seguintes; 


2) emprégo de pinturas refletoras do calor, 
€) resfriamento com água, А 
d) tanques de teto fIutuante, em QUE O espaço visio (isto é, gasoso) 
é reduzido ao mínimo. O teto é uma estrutur 
sóbre o produto contido no tique, | 
€) tanques sob pressão, 
1) sistema de consers rade va 
vão ter a outros recipiente 
sistema. 


| 
| 
| 
1 
| 
| 
а) Isolamento do teto do tanque, | 
| 
i 
i 
i 
| 
| 
| 


à móvel que flutua 


pores, em, que os vapores. formados | 
„ não havendo entrada de ar no | 
i 


Em todos os casos acima, exceto no do 

tunques são munidos dé velas vicuo; pressão 

patíveis com a construção do 1 
válvulas reduzem a “respiração” do tanque e | 

das por evaporação. A lig. 2 representa uma dessas válvulas de uso cor- | 

A rente nos tanques de armazenamento de gasolina. 
| 
| 
| 


tipo de teto flutuante, os 


reguladas em limites com- 
anque e sua resistência à pressão. 


Estas 
consegiientemente suas per- 


Quanto às tintas especiais para a refle 
alguns valores relativos à sua ебе ncia, De 
certas pinturas como as de aluminio, 
res, são preferidas. em virtude de 


йо do calor, damos a »eguir 
ese considerar contudo que 
embor apresentem valores inferio- 
aua durabilidade, 


Reflecção Absorção ` | 
“Cinta brane . ТРГ 80% 20%, | 
Cinza clara (haval) ........ 509 5007, 
Aluminio o 4067 60€, ! 
Preto ,..... ji Page alse Ns le; 999 | 


Em muitas regiões o alcool obtido de 
é adicionado à gasolina c tais mistur 


cereais ou da cana de açúcar | v 
mais alta e consequentemente os 


а^ apresentam umi tensão de vapor : 
tanques que as armazenam tém uma | 
“respiração” acelerada e maiores perdas por evaporação. Nesses combus- ! 
tiveis ainda mais se complica o problema pela higroscopicidade do álcool; | 
а humidade absorvida do ar é carreada para o tanque afetando a pureza 
do álcool e seu grau de miscihilidade com a gasolina. Nestes casos os 
dispositivos de suspiro dos tanques são equipados com car de subs- 
tâncias higroscópicas tais como o cloreto de cálcio ou siliciegel, de modo 
que todo o ar "respirado" pelo tanque seja são, 
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No caso de produtos não voliteis as precauções anteriormente. men- 
cionadas são dispensáveis, bastando adaptar aos suspiros telas de prote- 
são que evitem a entrada de corpos estranhos, insetos, ninhos de aves, 
casas de marimbondos, etc. 


Proputos Viscosos 


En: contraste com os tanques de produtos voláteis, os de produtos 
viscosos são geralmente pintados de preto, utilizando, assim o calor do 
sol para reduzir a viscosidade do produt aumentar portanto sua bom- 
beabilidade. Mesmo em condições tropicais o calor solar pode não chegar 
para reduzir suficientemente a viscosidade de certos óleos combustiveis 
pesados, fazendo-se necessária a instalação de serpentinas de aquecimento 
no tanque, em tóda sua parte inferior ou sómente em volta da saida do 
óleo, usando em ambos os casos vapor de baixa pressão, A temperatura 
do produto deve ser a mais baixa que permita o bombennento, evitando 
perda de calor e dispéndio de vapor. А perda de calor do óleo para а 
aunosfera raramente passa de 10 kg/cals./m?/9C /hora. 


МАМЛА РАМ б” 
6" РАМ RELIEF МАМЕ 
SOUPAPE ETV 6" 
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combustíveis pesados nas instalações dos consumidores industriais como 
segue: | 


i 

1 

| 

1 Podemos resumir as razões da necessidade de aquecimento dos óleos 
NE 

1 

| ! 

i D а viscosidade elevada dos mesmos de modo que reduzindo esta, 
: pelo aquecimento possam os óleos se escoar па velocidade reque- 
MT rida, do tanque de armazenamento para à bomba de transferén- 
cia sob a influência conjunta da pressão aunosférica e da pressão 
estática representadas pela altura do óleo no tanque; | 


| 

= 2) manter dentro de limites económicos а potencia absorvida no 
BN bombeamento Чо óleo è uma velocidade determinada; : 
i 3) evitar espessamento do óleo parado nos encanamentos; — | 

did 1) fornecer o óleo ao queimador em viscosidade capaz de permitir 
EE uma pulverização completa. | 

Hd i 

PG Рага não nos alongarmos neste particular, referimo-nos à Fig. 3 que 
bo dá as curvas de viscosidade de diferentes óleos combustíveis em [unção 
i 

| 


da temperatura e onde estão também indicados os limites de viscosidades 
tanto para um bombeamento econômico como para o suprimento à quei- 
madores à jato-pressão. | 


| 

Quanto à intluéncia da temperatura sóbre os produtos viscosos! arma- 

zenados em tanques providos de aquecimento, sabemos que a Shell Ar- 

gentina Limited realizou observações detalhadas bastante interessantes c 

a curva da Fig. 4 demonstra bem à pouca importância das perdas de 

E calor pelas paredes dos tanques паз zonas tropicais e semi-tropicais e por- 
tanto mostra ser dispensivel seu isolamento nessas condições. i 
| 


| DISTRIBUIGAO 


Nos primórdios da indústria, os produtos petroliferos eram transpor- 
tados em barris de madeira, tanio por mar como em terra e com o tempo 
a necessidade de transportá-los à distâncias cada vez maiores em lquan- 
tidade sempre crescente, incentivou seu transporte a granel — em terra 
por meio de oleodutos e carros tanques rodo e ferroviários e no таг por 
meio de navios-tanque. i 


tiga. Acredita-se que já hå mais de 7.000 anos os chineses usavam; enca- 

namentos de bambu. Em 525 А.С. Cambises, rei da Pérsia, utilizou-se 

de uma tubulação através do deserto, leita de couros de boi, a fim. de 
j 


1 

1 

| 

| | 
Du: A idéia de transportar líquidos por meio de tubulações € muito an- 
| ! 
| 

| 

4 

! E s : 

suprir de água o exército com que invadiu o Egito. 


i 
| O oleoduto é considerado como o meio mais económico de trans- 
E purte, embora em distâncias grandes o transporte por grandes petroleiros 
pi seja mais barato. Os custos comparativos dos diferentes meios de trans. 
| porte foram recentemente calculados nos Estados Unidos (custos médios) 
| como segue: 
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Rodovia ..,,....,,.,....... 0.0612 USS ton millia 
Ferrovia Pede Lise 0.01693 . E 
Oleoduto (gasolina) ......... 0,004145 á 

Е (petróleo) ........ 0.00344 i 
‘Transportes sôbre água .. . 0.00082 a 


Estes algarismos variam de país para país e com à eficiencia dos 
transportes rodo e ferrovi sempre guardadas essas proporções, 
exceto em casos muito especiais apresentando condições peculiares, 

Em quase tóda a parte, a área disponivel para a instalação de de- 
pósitos terminais de produtos petrolíferos se situa nos arredores dos por- 
tos marítimos, em terrenos baldios, frequentemente alagadicos, necessi- 
tando aterros e obias que facilitem comunicações com os sistemas rodo e 
ferroviários locais. Tais terrenos apresentam ainda outros problemas, prin- 
cipalmente no que diz respeito à corrosão metálica. Os fundos de tan- 
ques, os oleodutos enterrados e expostos sofrem a ação corrosiva acele- 
rada dos ácidos orgânicos provenientes da decomposição da matéria or 
gânica, requerendo pois precauções especiais para proteger o equipamento, 
Em outras zonas tropicais, esses terrenos recuperados são intestados por 
ariada fauna que sc estabelece debaixo dos tanques, freqüentemente 
afetando suas fundações. Peculiares às regiões tropicais e semi-tropicai 
sio também inúmeros os insetos, que se aninham em caixas de [uzíveis, 
suspiros de tanques, cascos de motores e geradores e podem causar gran- 
des danos a equipamentos de emergência ou de uso pouco [regiiente, 

A função de um depósito de produtos petroliferos é recebé-los em 
grandes quantidades ¢ redistribui-los em parcelas menores. Assim É evi- 
dente que os depósitos terminais e os subscqüentes devem ser de tal modo 
projetados que a cadeia de distribuição até o consumidor seja a mais 
simples e econômica possível, valendo-se dos meios de transporte dispo- 
niveis с naturalmente tendo em vista o desenvolvimento industrial ou 
agrícola do país e consegiientes demandas de produtos de petróleo. 


Como o transporte sobre água é usualmente o meio mais económico 
de transporte de grandes quantidades de combustíveis líquidos a granel, 
os principais terminais хн ийре quer em rios navegáveis ou na costa 
maritima. E ` 


А escolha do lugar mais apropriado em vista da distribuição pre- 
sente e futura. é de suma importáncia, No Brasil, p-ex., temos um 
imenso território, um extenso litoral € os depósitos terminais estabele- 
cidos nos principais portos, capazes de receber grandes petroleiros Os par- 
ques de tanques. existentes nessas instalações são as vezes сарае de ar 
masenar cargas completas desses petroleiros, reduzindo assim os fretes, 
embora na prática cada petroleo comumente descarregue em dois ou 
três portos. Ёле terminais oceánicos eram à princípio os únicos depó 
sitos а granel e déles os produtos eram entregues ao consumo no interior 
aves vagoestanque ferroviários, em tambores devolviveis ou em Latas 
não devolviveis. tiom o aumento do consumo а quantidade de vasilhame 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


es 


| 9 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 
| 


ptr 
hi : 
em jógo aumentou de tal modo que se tornou mais económica a insta- 
lação de novos depósitos no interior. No caso de Santos, foram instala- 
dos tanques em São Paulo e no da regio suprida do Rio de Janeiro 
foram montados tanques em Juiz de Fora e Belo Horizonte. fsses de- 
pósitos recebiam por vagões tanques ferroviários a granel e transferiam 
por carros tanque rodoviários e (ou) em vasilhames. Evitouse assim y 
longa viagem de vasilhame vasio para os portos, com grande economia de 
fretes. Continuando o desenvolvimento, estes depósitos secundários se 
ampliaram e se tornaram mais flexíveis e importantes. Com a construção 
de boas estradas o transporte ferroviário a partir dos terminais foi su- 
plementado pelo rodoviário, especialmente à vista das delongas daquele. 
р | No caso de São Paulo as quantidades de produtos requeridas se tor- 
naram tão grandes que afinal se fêz necessário um oleoduto e esta insta- 
lação, consistindo de duas linhas, hoje carréa produtos de petróleo im- 
portados a granel em Santos. Assim os depósitos de São Paulo são prà- 
ticámente uma extensão dos de Santos. Em futuro próximo, quando a 
refinaria de Cubatão estiver em produção, o mesmo oleoduto a ligará ao 
terminal de São Paulo. Parece-nos que estão sendo realizados estudos 
para а extensão do oleoduto até Campinas, a uma centena de quilôme- 
tros no inierior. Destes terminais do oleoduto, o transporte 10do ou fer- 
roviário levará os produtos de petróleo а outros depósitos a granei já 
existentes no interior. É óbvio que o caso do cleoduto Santos /São Paulo se 
réproduzirá em outras regiões déste vasto país. 
0 que acima foi dito dá idéia de como o transporte a granel vem 
continuamente suplantando o de tambores e latas, contribuindo para um 
abastecimento mais regular e económico do consumidor. 
„ Nos últimos tempos à construção de novas estradas alterou consi- 
leravelmente o panorama € carros-tanque passaram а transportar pro- 
dutos de depósitos regionais diretamente aos tanques dos postos de ser- 
viço ou às instalações dos consumidores. 


|. Este encadeiamento das linhas de distribuição dos terminais através 
la rêde de depósitos até o consumidor, recebe a atenção constante das 
emprésas de petróleo, pois que se reflete imediatamente na economia e 
na capacidade de concorrência das mesmas. O consumidor se beneficia 
peli obtenção de produtos mais baratos e de modo mais regular, dis- 
pensando-o assim da necessidade de manter grandes estoques. 

A distribuição costeira é feita por meios de petroleiros menores até 


rigs nhe. : 
depósitos oceânicos secundários. 

| 

| 


O custo comparativo dos vários meios de transporte está sob cons- 
tante observação e estudo pois que o desenvolvimento rodo ou ferroviá- 
tio naturalmente afeta o problema; sua relação com o equipamento re- 
querido sob a fonna de carros-tanque, vagões-tanque, tanques de arma- 
zenunento, instalações de bombeamento, canalizações, etc., nos depósitos 
intermediários é capital. 

0 tipo de bombas usadas para a movimentação de produtos de pe- 
leo varia com a volatilidade e à viscosidade dos mesmos. As bombas 


Se 


tr 
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centrifugas preferidas para o bombeamento de produtos mais leves, quan- 
do operam com produtos voläteis, devem trabalhar afogadas a fim de 
evitar as obturações por vapor (vapour locks). Para líquidos muito 
viscosos são preferidas bombas de deslocamento variável, devendo ser to- 
mado em consideração o líquido que permanece estático no cano depois 
de cessado o bombeamento, pois que pode ter aumentada de tal sorte 
sua viscosidade que o reinicio do bombeamento seria seriamente difi- 
cultado. 

Como é sabido, a resistência dos liquidos ao movimento é dada pela 
conhecida fórmula de hidráulica: 


1. v 
H =~ 4. [L—-. 
d 2g 


cm que 


perda de carga 

comprimento de canalização 

V =a velocidade 

ee aceleração devida à gravidade 

== diámetro da canalizaçã | 

== coeficiente de atrito, variando com o tipo de escoamento (com 
óleos pesados o escoamento é usualmente laminar) e com a 
viscosidade do fluido. 

Há inúmeras curvas publicadas relacionando o importantíssimo coe- 
ficiente de atrito “f" às condições de escoamento e podem ser encontradas 
em livros de texto conhecidos. 

Tomemos um óleo combustivel típica de viscosidade igual a 800 cs. 
а 3896 C e vamos bombeá-lo à razão de 500 ton/hora, por um cano de 12” 
de diâmetro primeiramente a 300 C: e depois a 459 C (temperatura. do 
óleo). 

No primeiro caso há uma perda de carga de 10 kg/em? ou 147 li- 
bras/polegada quadrada e por quilômetro de cano, enquanto que no se- 
gundo caso serão necessários sómente 8.1 kg/cm? ou 50 libras/pol. qua- 
drada para vencer o atrito, 

A diferença de potência requerida de cérca de 200 HP (com um ren- 
dimento de 75% na bomba) equivale а 130.000 kg/cals/hora na bomba. 
Para aquecer mais 159 С 500 tons de óleo, são requeridos 3.750.000 kg /cals. 
Mesmo admitindo um rendimento global de 2597, o calor requerido ini- 
1 


cialmente с de sómente 520.000 kg ¿cals. ou cérca de do calor re- 


4, 
querido para elevar a temperatura do óleo de 159 С. Neste exemplo não 
levamos em consideração outros pontos, tais como o maior custo das bom- 
bas de alta pressão e dos motores de alta potência, ete., que deverão ser 
levados em conta, bem como a resistência à pressão, e consequente custo 
niais elevado dos canos. 
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UTILIZAÇÃO 


Dois fatóres principais podem condicionar as aplicações dos combus- 
tíveis Нешо» de petróleo, quer quanto à variedade de aplicações, como 
quanto às massas utilizadas: 


.“ — O grau de desenvolvimento tecnológico e industrial da região 
І em causa, € 
ut а disponibilidade de outros combustiveis em base económica. 


As gasolinas quer as comuns quer as destinadas à aviação, bem como 
os combustiveis pi motores de combustão interna de um modo geral, 
têm função específica, de modo que тема o chamado óleo combustivel 
como combustivel por excelência para oy processos industriais. 


O primeiro ponto а considerar na escolha de um combustivel na in- 
dústria € evidentemente o preço, mais exatamente о preço por caloria 
útil, por exemplo, no сахо da geração а vapor, o custo do combustivei 
сарае de produzir uma determinada quantidade de vapor é o que importa. 

Outros fatóres a ponderar são os seguintes: 


n) Despesa de aninazeniimnento e manejo em geral, 
b) disponibilidade e custo do espaco para armazenamento, 


i 
1 
i 
1 
1 
1 
i 
| 
i 
i 
i 
i 


С 
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с) custo e praticabilidade comparada dos sistemas de distribuição 
interna do combustivel (estradas de ferro, fitas transportadoras, 
guindastes, oleodutos ou tubulações de ра»), 

d) influência da natureza e composição do combustível sobre a qua- 
lidade do produto industrial, 

e) temperatura atingivel na combustão, 

D tipo de chama produzida, 

к) aplicabilidade de aparelhagem de contrôle automático, 

h) custo e manutenção dos queimadores e fornos, 

iy praticabilidade аа recuperação de calor perdido, 

] necessidade de assistência técnica, 

k) estabilidade de preços e qualidade, 

D) garantia de continuidade de suprimentos, 

m) higiene e segurança do trabalho. 


it comple 
temos de consider 
гареп» evidentes: 


ro quadro no que tange ao tema de nosso trabalho 
ar que o óleo combustivel apresenta as seguintes van- 


a) qualidade unilorme, 

bj limpeza no armazenamento c. manejo. 
€) Dacilidade de armazenamento, 

d) economia de trabalho, 

e): facilidade de aplicação € contrôle, 

) facilidade de manejo, 

g) ausência de cinza, 

h) chama de alta temperatura, 

i) elicióncia térmica elevada dos fornos, 
- j) maiores rendimentos dos fornos. 


Merece especial destaque entre as características acima alinhadas a 
propriedade do óleo combustivel produzir chung de alta temperatura, 
justificando-se que nos detenhamos no capitulo referente û irradiação das 
chamis. 

Nos fornos de alta temperatura o problema principal é obter uma 
transferencia de calor adequada da chiama рага o objeto a aquecer, о 
que não € tão simples quando as temperaturas da chama e de objeto 
não diferem mais do que cérca de 200 graus, Envidamese, pois, todos os 
esforços no sentido de aumentar a temperatura da chama, pre-aquecendo 
o ar рага а combustão a 10009 C. e mais, mas hã limites impostos pelas 
reações de dissociação particularmente acima de 16009 C, ficando as tem: 
peraturas reais aquém das teóricas pelo retardamento da combustão. 

Num forno de aço em que o metal pode estar а 16009 C, ou num de 
vidro а 1250714509 C, uma chama fortemente irradiante é de necessidade 
vital, 
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E conhecida а equação 


1.93 e 
Hom 


(NAT kg. cal 


mes horn. 


105 
baseada па lei de Stefan-Bolamann e em que 


С == emissividade real entre chama е ambiente 
Te == temperatura da chama em 9 C abs, 
T, == temperatura do corpo que recebe а irradiação. 


Tomando dois fornos idénticos, um aquecido a óleo combustível e 
ошто com gis de gasogénio, ambos com 209, de excesso de ar e ambos 
com ar preaquecido a 9009 C, foi verificado que а chama de óleo terá 
uma temperatura de 23409 C, e a do gits de gasogénio 21209 C e o quadro 
abaixo dá as transferências de calor observadas em várias temperaturas 
admitindo e = 1: 


Temperatura da superficie Agicals fart; hora 
que recebe a irradiação Óleo Gris 
sono C; 2.210.000 1.540.000 
10009 C; 2.170.000 1.480.000 
14000 C; 1.890.000 1.239.000 
16009 C 1.680.000 1.000.000 


Éste quadro mostra que nos processes industriais que requerem altas 
temperaturas o óleo combustivel é superior ao gás de gisogênio em cere 
de 60% a 16009 C, 


Não só nas altas temperaturas apresenta a chama de óleo combus- 
tivel vantagens, Já em 1927 o Profesor Lindmark e colaboradores, de 
Estocolmo, investigavam ir cminividade de dilerentes chamas e demons- 
travam o que era até então inesperado, isto é, que em suas fases iniciais 
а chama de óleo irradia mais intensamente do que а do carvão em ро, 
que entretanto, queimando mais lentamente conserva sua alta emissivi- 
dade por um periodo mais extenso (fig. 7). 


O Comité Internacional: de Investigações sÓbie Irradiação das cha- 
mas, sediado em Ijmuiden na Holanda, continuou com a cooperação 
anglo-[ranco-holandesa, às pesquisas de Lindmark, verificando cuidados- 
mente a superioridade da chama de óleo sòbre a produzida por gas de 
coqueria. Ё de se notar que eii seus. trabalhos o Comite Internacional 
estudou principalmente chamas de ángulos agudos, tais como as emprega- 
das nos fornos Siemens-Martin e nos lornos de cimento, rápidamente 
alongadas e encaminhando-se para câmaras de combustão extremamente 
quentes, nas quais o óleo (nessa passagem) é craqueado antes de encon- 


s 
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war o oxigênio | para. combustão. As minúsculas 
resultantes em nuvem dão à chima nos estágios 
irradiante próxima da de um “corpo negro”. 
Os trabalhos do Comité Internacional apresel 
clusões valiosas: | ! 
| 
1 
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partículas de carbono 
iniciais uma natureza 


itam duas outras con- 


а) as chanjas fracamente irradiantes do gås de coqueria podem ter 


sua emissividade elevada por chamas de à 
alcatrão) : 

b) a emissibilidade da chinna dei óleo € кып 
pelo tipo de queimador. O atomizador loi 
dá chama mais radiante do que o de cone 
do queimador comum a jato-pressáo. 

Segue-se do exposto acima que mesmo em pais 

do suprimento de combustíveis se baseia no col 
econômico usarse óleo combustivel para o enriquec 


leo de petróleo ou de 


Memento influenciada 
go de ángulo fechado 
aberto bem ventilado 


es onde a maior parte 
ustivel sólido local, é 
imento da chama. 


1 
Entre as indústrias que utilizam о óleo combuüstivel vantajosamente, 


citemos as seguintes: 


ACLARIAS | | 
| 


: mu i 
Os Tornos Siemens-Martin são operados а unl 
que uma grande! proporção de combustivel è utili 


temperatura tão alta 
zada não para fundir 


e refinar o metal, mas principalmente, para manter а temperatura dos 
fornos. Assim sendo, o iumento de produção do forno não acarreta au- 
mento sensivel de consumo de combustivel nis reduz-lhe o consumo mé- 
dio por tonelada: fundida. É pois de suma importância aumentar a pro- 


dução e isto é p 


ivel com o emprégo de chama 
A fim de consegui 


altamente irradiante. 


tais chamas, os combustíveis Kiliosos são coadjuvados 
pelo emprégo do alcatrão, mas éste é obtido di nina de roquel 


) em 


H H FU H А "HP 
quantidades limitadas, sendo pois os melhores resunados conseguidos com 


о óleo combustivel. Evidentemente o consumo de û 
o de gusi, socata € metal quente direto 


€ fria, subir até (180 litros;tonelada de aço. А й 
automáticos podej melhorar ainda mais a eliciencia) 
Шчо estás 


. H : 1 
| entre o рео do combustivel quein 


со também saria com 
do; alto forno, с pode 


r até cérca de ТОЕ litros por tonelada de aço au, quando tóda carga 


stalação de controles 
garantindo um equi- 
do, o аг introduzido 


no forno e а temperatura de pressão da atmosfera interna dos tornos. 


Nos fornos para aquecimento de chapas e lin 
vel Gunbém tem sido usado com grande sucesso, 


gotes o Óleo combus- 
usando-se em muitas 


usinas шна combinação de queimadores a gis e óleo: nos últimos anos 
tém sido igualmente obtidos ótimos resultados em fornos de recozimento 
' | 


a óleo. | 


METALURGIA EM GERAL 


De um modo geral nas oficinas metalúrgicas ¿ muito empregado o 
gis de iluminação para o aquecimento de fornos de tratamento térmico, 
recozimento, etc., dada а possibilidade de ser esse combustível especial- 
mente purificado e dessulfurizado antes do uso, além da vantagem ine 
rente 205 combustíveis gasosos de permitir fácil mistura com o ar de mado 
a obter as atmosferas desejadas, oxidantes ou redutoras. É dificil obter 
os mesmos resultados com o óleo, mas os progressos recentemente reali- 
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zados, principalmente na França e países adjacentes com um gaseiticador 
capaz de permitir a transformação do óico combustivel, mesmo o mais 
pesado, eni gás quente, contornou a situação. Éste aparelho foi projetado 
pelo “Office Central de Chauffe Rationelle de Paris. 


FÁBRICAS DE VIDROS 


As considerações [eitis à propósito dos fornos Siemens-Martin tam- 
bém se aplicam, de um modo geral aos de vidros quer os destinados à 
fabricação de frascos ou de vidros planos. A diferença esti em que no 
caso de vidro o processo é continuo. 


FABRICAS DE CIMENTO 


Esta indústria merece ser mencionada não só pela sua influência no 
progresso das regiões sub-desenvolvidas, como pelo grande consumo de 
combustiveis, que é de molde a condicionar sua escolha em primeira 
linha pela disponibilidade local. Nos tradicionais fornos rotativos Esse 
consumo é da ordem de 1.7/kg/cal/kg de clinker no proceso cc € de 
2.0 kg/cal/kg de clinker no processo húmido, dependendo evidentemente 
de fatres, inerentes a cada lorno e operação. Os fornos Lepol, cuja in- 
troducio па Europa data déstes últimos vinte anos, conseguiram melho- 
rar notivelmente essa. eficiência, reduzindo o consumo a 1.0 Kg/cal/kg 
de clinker, graças ao artifício de taser passar os gases de saida por uma 
camada de matéria prima húmida. granulada, conduzida por um trans- 
portador de correntes ao forno. 


А utilização simultânea de carvão em pó e de óleo como combustíveis 
¢ outro desenvolvimento digno de nota. Estes fornos tém sido operados 
na Suécia, p.ex. e permitem a utilização de carvões inferiores, graças à 
o suplctiva do óleo combustivel, 


Fornos BE Cat. 


O emprégo do óleo combustivel nestes Tornos oferece um exemplo 
do progresso que se pode esperar, notadamente nas regiões sub-desenvol- 


vidas, onde ainda são maioria as velhas caiciras intermitentes. Já hã 
vários tipos de fornos continuos, а óleo, operando com grande vantagem 
em diferentes pontos. 


Estradas DE FERRO 


O grande surto verificado nos últimos anos, primeiramente nos pai- 
ses mais adiantados, não poderia deixar de se refletir também nas regiões 
tropicais ou sub-tropicuis, no sentido da conversão da locomotiva para 
queima de óleo combustivel, de um lado e principalmente no do desenvol. 
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vimento de locomotivas Diesel e Diesel elétricas de outro lado. Compa- 
rando com a lenha « | em qualquer desses sistemas, o péso e o volume 
dos combustiveis em apréco não vão a 0. 2. 

5 países tropicais o emprégo dos óleos de petróleo acaba com a 
ocorrência freqüente de incêndios causados por fagulhas ao longo das 
linhas quando servidas por locomotivas à lenha e a carvão. O desenvol- 
vimento das locomotivas Diesel e Diesel elétricas é de grande alcance 
para zonas onde há escassez de úgua para as caldeiras, embora o custo 
inicial e a manutenção sejam elevados, notadamente se não aproveitada 
а capacidade de trabalho dessas locomotivas de muitas horas por dia su- 
perior e das locomotivas a combustivel sólido. No caso das locomotivas 
de manobra, as movidas à motor Diesel sio geralmente superiores às de 
qualquer outro tipo. 
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Resumo 


1) О trabalho mostra a demanda potencial de coinbustiveis líquidos 
em regiões tropicais e sub-tropicais, como decorrência de seu desenvolvi. 
mento agrícola e industrial. 

2) O eleito do clima sòbre o armazenamento dos produtos de pe- 
uóleo e os métodos empregados para reduzir as perdas por evaporação 
sio discutidos e exemplificados. Е também tratado do aquecimento dos 
produtos viscosos. 

3) Uma breve comparação entre os vários métodos de transporte de 
produtos de petróleo a granel € feita, discutindose as alterações na «lis 
tribuição verificadas com о desenvolvimento de uma zona, exemplifican- 
dose com relação ao Brasil. 

3) Embora а aplicação dos combustiveis liquidos na indústria não 
apresenta problemas especiais de montt nas regiões tropicais, enume 
Sub vantagens, ressaltando a natureza altamente radiante da chama de 
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óleo combustivel, São apontadas algumas das indústrias mais beneficia- 
das pelo uso de combustiveis liquidos, pondo em relévo os pontos mais 
interessantes. : 


SUMMARY 


1) The paper shows the potential demand for liquid petroleum fuels 
in tropical and sub tropical regions arising from the devetopment of agri- 
culture and industry in those territories, 

2) The effect of climatic conditions on the storage of petroleum 
products and the methods employed for reducing evaporation losses are 
discussed and exemplified. The heating ol viscous fuel is also dealt with. 

3) A short comparison is made between the various methods of 
bulk transportation of petroleum fuels. and the modifications in disiri- 
bution arrangements which accompany the development of a territory 
are discussed and exemplified in respect of Brazil. 

1) The application of tuels in industry presents no special problems 
in tropical territories; however, the advantages accruing from the use ot 
liquid fuels in industry are enumerated and the high radiation charac- 
teristic of petroleum fuel flames is exemplified. The industries most be- 
nelited by the use of liquid fuels are given and the points of special 
interest are stressed. 


RESUME 


1) La demande potentielle des combustibles liquides est présentée 
pir l'auteur pour les régions tropicales et sub-tropicales comme corollaire 
Чи développement agricole et industriel, 


2) L'effet du climat sur le stockage des produits pétroliléres et les 
procédés employés pour reduire les pertes par evaporation, sont discutés 
et exempliliés, L'auteur traite aussi du chautlage des produits visqueux. 

35) Une comparaison résumce enne les dillérentes méthodes de trans- 
port des produits рото етеу est faite et les modifications apportées exem- 
plifices par rapport au Brésil. . 

3) L'usäge dans l'industrie, des combustibles liquides ne presente 
pas de problèmes spéciaux importants pour les pays Uopicaux; néan- 
moins, ses avantages sont présentées, particullicrement le rayonnement 
elevó de la flamme du "Iuel oil". Les industries les plus favorisées par 
l'emploi des huiles combustibles du pétrole sont énumerées et les points 
plus importants sont. focalisés, 
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INTRODUCTION 


Dans le travail que nous avons présenté à cette section de la Confé- 
tence Mondiale de l'Energie, il a été mentionné les difficultés éprouvées 
par la Companhia Hidro-Elétrica do São Francisco lors de la construction 
des fondations du barrage mobile dans le lit du Bras Principal du São 
Francisco. Le fleuve а un débit de l'ordre de 1.300 m/sec pendant la 
plus grande partie de l'étiage (Juin Octobre), seule période durant la- 
quelle il est possible de travailler. 

La coupure, réalisée en deux temps, a été um problème ardu, mais 
ce sont toutefois les excavations à l'intérieur du batardeau qui se sont 
montrées les plus difficiles. 


PROBLEM IE 


Au point ой le barrage coupe le Bras Principal, le fleuve est relati 
vement étroit, le courant violent et la profondeur três appréciable. Le 
probléme posé par la mise à sec du lit, était donc délicat à résoudre. C'est 
durant 4 à 5 mois par an seulement, quand le niveau du fleuve est suffi. 
samment bas, que l'on peut songer à s'attaquer à des débits de 1.000 à 
1.500 m/sec quí provoquent zur les ouvrages provisoires «des impacts de 
plusieurs centaines de tonnes. De plus, il faut compter sur des crues 
variant entre 5.000 et 10.000 m3/sec (exceptionellement encore plus) pen- 
dant la saison ott les travaux sont interrompus. II s'agissait donc de 
construire un batardeau dans des conditions particulièrement difficiles, 


295-2 
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pération, mais aussi à cause des 


i 
non seulement du fait de l'ampleur de 
: ésolution ne devait pas sortir 


sérieuses questions subsidiaires dont: 


D n р mes 
d'un certain cadre physique et cconomique. 


A l'endroit où le barrage traverse le Bras Principal, celui-ci a, en 
période d'étiage, 120 mètres de large, une section mouillée de 800 m? et 
une profondeur moyenne de l'ordre de Am (on a méme atteint jusqu'à 
14 m lors du relevé batimétrique). La vitesse de l'eau est de l'ordre de 
3,5 m/sec. En supposant la vitesse égale à -1,5 m/sec (pour avoir une 
certaine marge de sécurité) 1a formule de Dubuat donne sur une cellule 
de section 15 x 10m, un impact de l'eau Пе l'ordre de 300 tonnes — ceci 
dans le cas où nous adopterions la solution du batardeau cellulaire. 

Le fond du lit est extrêmement irrégulier la profondeur variant par- 
fois brutalement de 8 métres. Vu la vitesse du courant, le relevé batimé- 
trique a été trés difficile et a approximatif, l'imprécision ¿tant inévi- 
table dans les sondages ап poids: les spécialistes appelés ne sont pas par- 
venus à utiliser l'écho-batimétre. BE 


SOLUTIONS 


Nous avons envisagé trois procédés pour réaliser Ja coupure soit en 
un, soit en deux temps. BEE 

a) — La première idée qui vient а l'esprit quand il s'agit de dévier 
un courant, est de construire un canal de dérivation. Le canal court- 
circuitant le site en question nécessiterait une excavation de 300.000 m3 
de roche, en supposant qu'il n'ait que 350 m de long. Ce déblayge serait 
plus important que le total des excayations des fondations du barrage 
qui a plus de 4 km de long. Cette solution n'excluait d'ailleurs pas la 
construction d'un enrochement sur le fleuve obligeant l'eau à passer par 
la dérivation, Même en utilisant pour sil construction le matérial retiré 
de l'excavation du canal, la solution ач été trés coûteuse. 

b) — Une autre solution était l'emploi du "crib cofferdam”, mais 
cile exigeait un relevé précis et complet! du fond du fleuve atin de per- 


mettre la construction exacte de la ps du "crib" que doit l'épouser 
parfaitement. De plus, méme ne supposant remplie la première condition, 
le prix du bois de qualité adéquate aurait été prohibitif. 

€) — Restait la solution du hatardean cellulaire en palplanches mé- 
talliques. Les principales conditions que nous exigions d'un tel dispositif 
étaient les suivantes: | 


— 
1) — adaptation au fond rourme até du fleuve; 
2) — capacité de résistir aux jerues: 
3) — prix dc revient raisonnable; 
4) — étanchéité acceptable; |||: 
5) — posibilité de montage en dépit des conditions locales; 
6) — temps de montage réduit! | 


Approved For Release 2005/06/07 : CIA! 


U 
"U 
со 
2 
o 
o 
co 
o 
S 
> 
o 
o 
o 
a 
o 
o 
o 
R 
o 
№ 
co 
a 
кю 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Certes le type cellulaire paraissait satisfaire aux exigences précitées 
mais les dérniéres conditions conduisaient à de très sérieuses restrictions. 
En effect l'impact sur les palplanches rendait le montage trés peu aisé 
sinon impossible, et ces difficultés risquaient de rendre le temps de mon- 
tige trop long. Pour tácher de résoudre ces problémes (qui d'ailleurs 
seraient communs au "crib cofferdam”), on a pensé construire un enro- 
chement en amont sur la rive gauche du fleuve, pour briser le courant et 
permettre le montage dans des conditions suffisamment sûres pour le 
personnel et le matériel. On aurait ensuite à rétirer l'enrochement, à en 
refaire un autre sur la rive droite pour répéter les mêmes opérations de 
montage. Malheureusement avec des vitesses de l'eau de l'ordre de 4 
m/sec, les enrochements auraient dû être faits avec des blocs de beton 
ремин de 10 à 15 tonnes. Comment les enlever aprés l'opération? et à 
quel prix? La vitesse et la profondeur rendaient l'opération presque im- 
possible. 


LE “NAVIO” 


C'est alors que nous est venue l'idée de construire un écran mobile 
sous la forme d'un caisson flottant qui serait placé devant la cellule à 
monter, 

Aprés avoir projeté cc dispositif nous avons fait un modèle réduit de 
la partie du fleuve qui nous intéressait et avons procédé à des essais ayant 
pour objet l'étude du comportement du caisson (dénonuné “navio” (na- 
vire) au chantier), du comportement de la cellule (c'est-à-dire. savoir si 
elle glissait sous l'action du courant) et finalement des variations de ni- 
veau pendant les opérations de coupure (lig. 1). . 

Les résultats des essais ont été satisfaisants et d'autre part le prix du 
“navio” était raisonnable, son poids étant de 125 tonnes environ (sans 
lest), Ces résultats acquis, nous avons projeté la coupure qui devait se 
faire en deux étapes. La première étape serait entreprise du côté rive 
gauche et serait constituée de 8 cellules dont 7 de 15,28 m de diamétre et 
Г de 17,47 in. Un mur de maçonnerie de moellons fermerait l'enceinte du 
côté rive et formerait plateforme de manoeuvre des grues et camions, 
enfin servirait d'abri pour tout. l'équipement de construction pendant la 
saison des crues (fig. 2). 

La cote de l'eau, durant l'étiage variant de 219 a 221, nous 
fixé la côte du couronnemen tdu batardeau à 225 pour la premiere étape. 
Ainsi la hauteur des cellules — donc des palplanches — était en moyenne 
de 14 metres, Les spérilications du “navio” ont été envoyeés à un cons- 
tructeur spécialiste qui en a étudié les dénuls et exécuté Та fabrication. 

Le montage a été realisé sur une rampe au bord du fleuve, puis on a 
procédé au Jancement non sans quelques incidents, d'ailleurs sans gre 
vié Le “navio” possédait des amarres principales d'une centaine de mè- 
tres de longueur et était déplacé à l'aide de tietils. A l'endroit approprié, 
il était coulé pour former écran. H se vériliait toutelois des courants assez 
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Fig. 1 — étude sur modèle réduit du comportement du “navio 
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Fig. 2 — Plan général des travaux du bras principal 
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+ 
violents au-dessous de lui par suite de l'irrégularité du fond. L'obstvuction 
etait réalisé en appuyant des рар е E sur le Hanc amont du “navio” 
(voir fig. 3). 


Fig. 3 — Construction de la cellule n." 4 à l'abri du *“navio”” 
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EXECUTION DE LA PREMIERE ÉTAPE 


Les cellules nº J, 2, 3 et 4 ont ainsi été construites, Les autres, nº 5, 
6, 7 et 8 étaient en grande partie abritées du courant. par les. précédentes 


(fig. 4). 


th: E 
— — Me i hi 


Fig. 4 — Mise en place du gabarit de la cellul« 6 


On recouvrait d'une couche de béton le fond des cellules pour parer 
aux inconvénients das à l'irrégularité du lit, puis celles-ci € nt remplies 
de sable, 


Au début de l'épuisement on a vérilié que les infiltrations dépassaient 
la capacité des pompes disponibles (environ 2.000. Тулес). Comme nous 
avions de sérieuses raisons de penser que les cellules étaient pratiquement 
étanches, nous en avons conclu que des infiltrations se produisaient par 
des interstices entre les gros moellons couvrant le fond où méme par des 
communications directes entre l'extérieur et l'intérieur de l'enceinte (hy- 
pass). Par Та suite, on s'est aperçu que le lit du fleuve était constitué par 
d'énormes blocs de 2 à 20 ing formant une base très perméable: ce que 
l'on avait relevé par des sondages n'était pas le vrai fond. II convient de 
uoter qu'un sondage plus rigoureux aurait était très long et très coûteux: 
la hauteur du barrage mobile ne le justiliait pas: on aurait pu, par exem- 
ple, creuser un puit vertical dans une des rives, puis un tunnel sous 
fluvial qui aurait permis des sondages de bas en haut. H est à noter aussi 
que ces inconvénients n'étaient pay inhérents au seul procédé cellulaire. 


ЫГ НЕЕ : ОКУЛУ e di 
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Aprés des injections de ciment et d'asphalte, on est parvenu à réduire les 
infiltrations à une valeur raisonnable et les pompes d'équipement ont 
pu les contrôler parfaitement. (quelques unes étaient méme laissées en 
réserve). 

Le batardeau vidé, les excavations des piliers et des radiers du bar- 
rage ont pu être attaquées et l'on a pu constater que le fond était tel que 
l'on avait prévu. Ces travaux d'excavation ont été les plus durs que nous 
ayons rencontrés (y compris le montage des cellules dans le courant im- 
pétucux du São Francisco). 11 s'agissait de retirer le couverture de moellons 
mélangés à du gravier et à du sable échappé des cellules. L'eau d'infil- 
tration s'accumulait dans les creux (marmites) atteignant jusqu'à 80 m3 
dont Passechement était très difficile. On a dà faire des batardeaux auxi- 
liaires internes fondés eux aussi sur une base perméable mais qui per- 
mettaient néanmoins de bétonner parcelle par parcelle. Malheureusement 
procédant ainsi on a perdu beaucoup de temps pour arriver à la côte du 
seuil des vannes: on avait prévu deux mois, on en a mis quatre. 

En depit des difficultés et d'un certain péril présentés par les travaux, 
nous n'avons eu à déplorer aucun accident durant le montage du batar- 
deru et les excavations. La construction des piliers au-dessus du radier et 
le montage des vannes et du pont roulant, se sont déroulés normalement 


(fig. 5). 


DEUXIÈME ÉTAPE 
(Structure semi-tlexioble) | 

Ainsi donc la première étape était terminée. Voyons maintenant ce 
qu'il a été prévu pour la deuxième étape. 

Tout d'abord, il s'agit de compléter là coupure du fleuve pour faire 
fonctionner l'usine dont Je montage est en voie d'achèvement, On à pro- 
jeté de conserver les celules 4, 5 et 6 de la première étape et de faire 
une paroi facilement démontable entre le pilier 7 et la cellule 4. Celle-ci а 
d'ailleurs déjà été construite à sec, en méme temps que les piliers de la 
première étape. i 

Les vannes étant en position fermées, on procédera au. démontage 
des cellules n? 3, 2 et | puis 7 et 8. Cela fait on pourra. penser à monter 
les cellulles nº 9, 10 et 11, diminuant la vitesse de l'eau côté rive droite 
par ouverture des vannes. Méme ainsi la vitesse est par trop considérable 
pour que l'on puisse songer à monter les cellulles sans protection spéciale. 

Nous inspirant de Ia coupure du Saguenay à la Chute à Caron et du 
projet de la Waneta Power Plant sur le Pend d'Oreille River en Colombie 
Britanique (Canada) nous avons en premier lieu pensé à jeter en travers 
du fleuve à hauteur de Ja cellule 6 un "obélisque", immense prisme de 
10 m de long et 1] mètres de base d'une construction lente et délicate. is 
Cet "obélisque" exigerait pour son lancement une base de grande résis- 
tance sur la rive droite et une parfaite connaissance du lit suivant son axe, 
ce qui n'est pas possible comme nous l'avons vu, 
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Devant ces «сае nous avons cherche à remplacer l'obelisque? 
par une ouvrage maniable. 
| Comme avec un débit de 1:300 i7 sec Та vitesse de l'eau см légère. 
E | ment inléricure à Jin, sec, nous pourrons placer sans trop de ditlicultés 
deux structures légères (20 tonnes) et лет ехе (tin. б 


Fig. 5 — Vue aérienne de la premiere etape avant demontage tes cellules 
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Ces structures, aprés avoir été placées de niveau, recevront côté aval 
des grilles en fer ronds de 1/2" formant des mailles de 25 cms. Convena- 
| blement amarrées, elles seront remplies de pierres de 30 em environ qui, 

retenues par les grilles tomberont au fond et constitueront un enroche- 
ment qui obligera l'eau à passer entre les piliers de la premiere étape (fig. 7). 


Fig. 6 — Mise en place des "structures semi-flexibles'" 


2 


AMARRAGE 


Se 
Na: 


DESCIMTE NELA STRUCTURE DESCENTE DU FILET REMPLIS3ARE 
Fig. 7 — Methode de construction de Penrochement (rock-till) 


TUAM 
PIEDS TELE SCOPIQU 


Une [ois l'eau tranquilisée des cellules. 9, 10 et LE seront montées 
i sans dilticulté. 
| On pourra alos attaquer Vexcavation de la deuxieme moitié du 
i barrage mobile, Plus tard, après lermeture des vannes côté rive gauche. 
on pourra procéder - pratiquement à sec -- au démontage des cellules 5 
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et 6, de Penrochement (d'autant plus facilement qu'il est constitué d'élé- 
ments de petites dimensions) et des "structures semi-Hexibles". Ceci per 
mettra la construction des radiers et du pilier 6. L'eau serait alors device 
vers la. prise d'eau et vers les autres barrages mobiles, ce qui n'était pas 
possible au début de la campagne vu l'état d'avancement du reste des 
travaux. 

On se demandera pourquoi le "navio" ne sera pas utili: 


2 L'étude des 


variations des vitesses en fonction de l'étranglement de la section montre 
que si l'on n'utilisait pas l'enrochement en aval, et même si l'on parvenait 
à construire les cellules 9 et 11 la vitesse, entre ces deux cellules dépas- 
serait 11 m/sec. Dans ces conditions la charge de rupture des câbles 
d'amarrage du “navio” serait plusieurs fois dépassée, et le déplacement 


exigerait des treuils extrémement puissants. 

Durant la premiére étape, usant des procédés tout de inéme assez peu 
communs, nous avons dû tátonner à la recherche surtout, de la plus 
grande sécurité possible étant donné la "rusticité" du gros du personnel 
employé. Mais nous esperons que l'éxpérience acquise nous fera gagner 
du temps durant les travaux de ladeuxiémo étape. 


CONCLUSION 
A notre avis, les procédés du “navio” et de la "structure semi-flexible” 
permettent de résoudre de facon relativement simple des coupures dans 
des fleuves profonds au courant violent. L'écran mobile constitué par le 
"navio" a une grande mobilité et un prix réduit et la “structure semi- 
flexible” autorise l'emploi de pierres de remplissage de petites dimen- 
sions, faciles à placer et à retirer. 


RESUME 


A l'endroit où la “Companhia Hidro Elétrica do São Francisco" doit 
construire une des parties mobiles du barrage destiné à retenir les eaux du 
Удо Francisco, le fleuve est relativement étroit, mais profond et impérucux; 
comme Font montré les sondages — d'ailleurs imparlaits — le fond est 
extrêmement tourmente. D'où la grande difficulté d'assècher de it. 

‘Trois solutions ont été envisagées pour résoudre le problema: 


а) — enrochement et dérivation du fleuve (ипе seule étape) 
b) — crib cofferdam (deux étapes) 
€) — batardeau cellulaire (deux étapes) 


C'est cette dernière qui a été adoptée. Comme il était. impossible de 
monter les cellules sans protection contre le courant il a été utilisé un 
caisson flottant. (appelé “navio” à l'abri duquel on pouvait travailler 
sans danger. Le montage de cene première étape. du batardeau a ded 
mené à bien et a permis après certaines difficultés, de construire la pre- 
инеге moitié du barrage mobile, 
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П s'agit inaintenant, aprés démontage de la première étape du ba- 
tardeau, de construire la deuxième moitié du barrage mobile. Comme il 
n'est pas possible d'utiliser à nouveau le caisson flottant vu l'accroisse- 
ment de la vitesse du courant, on construira en aval des cellules à monter 
un enrochement dont les éléments rempliront deux "structures semi- 
flexibles" qui joueront de rôle d'armature, Dans Je remous crée par cet 
enrochement il deviendra plus facile de travailler. 

Les procédés du caisson flottant et de lo structure semi-flexible se 
montrent assez “maniables” et relativement économiques. Ils peuvent être 


utilisés avec avantage dans les travaux en riviéres profondes et touren- 
tueuses. 


RESUMO 


No lugar onde a. Companhia Hidro Elétrica do São Francisco deve 
construir uma das partes móveis da barragem que represará as äguas do 
rio São Francisco, éste é relativamente estreito, mas profundo e impe- 
tuoso; como mostraram as sondagens — aliás imperfeitas — o fundo é 
extremamente irregular. Portanto, grande será a' dificuldade de secar 
o leito. 


Três soluções foram consideradas para resolver o problema: 


a) — enrocamento e desvio do rio (uma só etapa), 
b) — crib cofferdam (duas etapas), 
€) — ensecadeira do tipo celular (duas etapas): 


Foi esta última a escolhida. Como não era possível montar as célu- 
las sem proteção especial contra a correnteza, foi: utilizado um caixão 
flutuante (chamado "navio") ao abrigo do qual se podia trabalhar sem 
perigo. A montagem dessa primeira etapa da ensecadeira foi levada а bom 
térmo e permitiu — depois de certas dificuldades — à construção da pri. 
meira metade da barragem móvel. : 

É preciso agora, depois da desmontagem da primeira etapa da ense- 
cadeira, construir a segunda etapa da barragem móvel. Como não é pos- 
sivel utilizar de novo o caixão flutuante, tendo em vista o aumento da 
velocidade da corrente, construir-se-à a jusante das células a montar, um 
enrocamento cujos elementos encherão duas “estruturas semi-flexiveis" 
que farão o papel de armação. No remanso assim criado por éste enroca- 
mento, tornar-se-á fácil trabalhar. 

Os processos do “navio” e da “estrutura semi-flexivel” apresentam-se 
bastante "manejáveis" e relativamente econômicos. Podem ser utilizados 
com vantagem nos trabalhos em rios profundos e de iguas tumultuosas, 


RESUME 


As the place where the Companhia Hidro Elétrica do São Fran- 
cisco has to build one of the movable parts of the dam which will hold 
the waters of the São Francisco river, the river is narrow but deep and 
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12 
rough; as shown by the soundings carried out — which could not he donc 
accurately — the bottom of the river is extremely irregular. Therefore, 
there would be great difficulty in drying the river bed; 

Three answers were taken into consideration to solve the problem: 


a) — A rock-fill and lateral channel to divert the river. (To be done 
in one stage). 

b) — Crib cofferdam (work divided into two stages). 

c) — Cellular cofferdam (work to be done in two stages). 


The last answer was adopted. As it was not possible to build the cells 
without a special protection against the current, there was utilized a 
floating "caisson" (called ship) which allowed the work to be carried out 
without danger. The first stage o£ this work in the cofferdam was per- 
formed satisfactorily and after overcoming certain difficulties it was pos- 
sible to buikl the first half of the movable dam. 

It is necessary now, after the dismantling of a part of the first stage 
of the cofferdam, to build the second stage of the movable dam. As it 
will not be possible to use the floating "cuisson" due to the enormous 
increase of the current speed, two semi-flexible structures will be placed, 
downstream of the site where the last three cells will be buit, and rock- 
filled. In the still water resulted from the rock-fill the three cells will be 
casily erected. | 


The processes of the "floating caisson" апа of the “semi-flexible 


structure” are easy to handle and economical. They can be used in work- 
ing in deep and turbulence rivers, with advantage. 
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WORLD POWER CONFERENCE Assunto 2, 


REUNIAO PARCIAL : 
SECTIONAL MEETING ; . DIVISÃO DE ÁGUAS 
Rio de Janeiro — 1954 : Brasil 
—— — El 


SÍNTESE DOS ESTUDOS 
FLUVIOMÉTRICOS NO BRASIL 


DIVISÃO DE AGUAS 
do D. N. P. M. do Fhinistero da Agricul..ra 
COMITÉ NACIONAL SRASILEIRO 


CAPITULO 1 
RESENHA HISTÓRICA 


As primeiras observações destinadas aos estudos de regime de 
nossos cursos d'água tiveram início em 1920, quando foi criada no 
antigo Serviço Geológico e Mineralógico do Brasil a Comissão de 


Estudos de Fórgas Hidráulicas. 

Foram visadas de início as bacias dos rios São Francisco, Paraiba 
e Paraná, onde se procedeu a estudos de algumas de suas principais 
quedas d'água, os quais compreenderam levantamentos topográficos, 
bem como as primeiras medições de descarga, elementos indispen- 
sáveis à avaliação do potencial hidráulico do País. 


Entretanto, sómente em fins do ano de 1933, com a criação da 
atual DIVISAO DE AGUAS, essas investigações começaram a ser 
intensiva e extensivamente feitas. 

Em 1934, dada a amplitude da ação da Divisão de Aguas, a qual 
se estende por todo o territério nacional, foi o Pais dividido em cir- 
cunscrigóes territoriais, denominadas distritos, a cujo cargo ficaram 
tôdas as operações de campo. 

Atualmente há sete DISTRITOS cuja jurisdição abrange as se- 
guintes zonas: 


1.º distrito — com sede na capital de São Paulo, abrangendo as ba- 
cias hidrográficas désse estado, exceto as dos afluen- 


tes do rio Grande. 
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2° distrito — sediado em Belo Horizonte, abrangendo as seguintes 
bacias hidrográficas: as do Estado de Minas Gerais, 
excetuando-se o rio Sao Francisco, a jusante da con- 
fluéncia do rio das Velhas; as dos afluentes do 'rio 
Paraiba, a do Jequitinhonha e as dos rios situados 
entre o Jequitinhonha e Doce; parte do Estado de São 
Paulo que contém a bacia do rio Grande; parte do 
Estado de Goiás, compreendendo as bacias dos afluen- 
tes do rio Parnaíba, e parte do Estado do Espírito 
Santo, onde se acha a bacia do rio Doce. 


3.2 distrito — com sede em Curitiba, abrangendo as bacias hidrográ- 
5 ficas dos Estados do Paraná e Santa Catarina, exclui- 
das as dos afluentes do rio Uruguai. 


42 distrito — sediado em Juàzeiro, abrangendo a bacia hidrográfica 
do rio Sao Francisco, a jusante do rio das Velhas, nos 
Estados de Minas Gerais, Bahia, Pernambuco, Sergipe 
e Alagoas. 


5º distrito — com sede em Salvador, abrangendo as bacias hidro- 
gráficas dos rios que desaguam no Oceano Atlàntico, 
entre os rios S&o Francisco e Doce, nos Estados de 
Sergipe, Bahia, Minas Gerais e Espirito Santo. 


6.º distrito — sediado em Niterói, abrangendo as bacias hidrográfi- 
cas do Estado do Rio de Janeiro, parte das do Estado 
de Minas Gerais, que contém os afluentes do rio Pa- 
raíba, e parte do Estado do Espírito Santo, até o di- 
visor de águas do rio Doce. 


7.2 distrito — com sede em Porto Alegre, abrangendo as bacias hi- 
drográficas do Estado do Rio Grande do Sul e as dos 
afluentes do rio Uruguai, no Estado de Santa Catarina. 


Os gráficos anexos permitem analisar, em linhas gerais, o desen- 
volvimento dos estudos de deflüvio que vém sendo realizados em 
algumas de nossas principais bacias hidrográficas. (!) 

Os estudos sistematizados de regime fluvial atingiram o limite 
máximo de nossas possibilidades de expansão, em face dos atuais re- 
cursos em verbas e da presente estruturação técnico-administrativa 
da Divisão de Águas. 


0) O gráfico referente ао número de medições de descarga apresenta um decréscimo 


de produção em alguns anos, motivado: pelas seguintes razões: 
a) em 1937 — reorganização de alguns distritos; 
b) em 1948 — racionamento de combustivel impósto pela. guerra mundial; 


с) em 1854 e 1952 — tardio recebimento das verbas destinadas aos servicos de campo. 
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CAPITULO H 
SITUACAO ATUAL DOS ESTUDOS FLUVIOMETRICOS 


O Brasil encerra em seu vasto território — de mais de oito mi- 
lhões de quilômetros quadradós — uma das maiores senão a maior 
réde potamográfica do mundo. 

Não sendo possível, em vista da extensão territorial e dos parcos 
recursos de que dispomos, realizar simultâneamente, em tôdas as 
bacias hidrográficas de cérta importância, observações e estudos hi- 


` drométricos detalhados, tais serviços se concentraram nas regiões de 


maior desenvolvimento econômico, as quais iriam exigir ou já esta- 
vam exigindo conhecimento seguro do regime dos seus rios, para 
projeto de obras hidráulicas de maior vulto. 

A DIVISÃO DE AGUAS efetua estudos sistemáticos de regime 
nas bacias dos seguintes rios, segundo localização de norte para sul: 


1 — São Francisco 31 — Paraiba do Sul 

2 — Japaratuba 32 — Macabu 

3 — Sergipe 33 — Macaé 

4 — Vasa Barris 34 — Macacu 

5 — Piauí 35 — Mambucaba 

6 — Itapicuru 36 — Ribeira do Iguape 

7 — Inhambupe 37 — Cachoeira (Est. do Paraná) 
8 — Pojuca 38 — Nundiaquara 

9 — Joanes 39 — Guaraguaçu 

10 — Subaé 40 — Cubatão do Norte 

11 — Cobre 41 — Itapocu 

12 — Paraguaqu 42 — Itajai-Acu 

13 — Jaguaripe 43 -— Tijucas 

14 — Jequiricá 44 — Cubatão da Imperatriz 

15 — Una 45 — Tubarão 

16 — Jequié 46 — Araranguá 

17 — Contas 47 — Jacui-Taquari | 

18 — Almada 48 — Cai Bacia do 
19 — Cachoeira (Est. da Bahia) 49 — Sinos f Guaiba 
20 — Pardo 50 — Gravatai J 
21 — Jequitinhonha 51 — Camaquã 
22 — Itanhém 52 — Piratini 
23 — Mucuri 53 — Parnaíba | 
24 — São Mateus 54 — Grande 
25 — Doce 55 — Tieté Bacia 
26 — Santa Maria 56 — Peixe ^ do 
27 — Jucu 57 — Paranapanema Paraná 
28 — Benevente 58 — Ivai | 
29 — Itapemirim 59 — Iguaçu ] 
30 — Itabapoana 60 — Uruguai 
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a da Bahia, para jusante, atravessa região semi-árid 
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Nas mencionadas bacias grande numero de postos ja possui a 
curva de descarga estabelecida e calculadas a vazāo diária e as 
caracteristicas fluviométricas mensais e anuais (máxima, minima e 
média). VU | p^ 

pP à А J got ds E А H 

Relativamente às bacias dos rios Amazonas e Paraguai, 50 pos- 
suimos observações diárias do nivel d'água; são dados de numero 
reduzido de postos fluviométricos, quase todos pertencentes a enti- 
dades públicas e privadas, que colaboram com a Divisão de Águas. 

Em 31 de dezembro de 1952 a nossa rêde fluviométrica compu- 
nha-se de 1021 postos em funcionamento, nos quais so efetuadas 
duas leituras diárias do nível d'água e até a referida data jà haviam 
sido executadas 43.134 medições diretas de descarga; com molinete, 
empregando-se aparelhagem moderna bem como processos técnicos 
padronizados. | 
BE 
CAPÍTULO ш n 
ba 
DEFLUVIO DE RIOS BRASILEIROS). 
| 

Neste capítulo, apresentamos alguns dados fluviométricos das 
principais bacias hidrográficas em estudo, a fim de que déem uma 
idéia das características hidrolégicas dos rios brasileiros. 


Bacia do rio São Francisco 


Hidrografia: o rio Sao Francisco nasce na serra da Canastra, 
no Estado de Minas Gernis, a uma altitude aproximada de 1400 me- 
tros; desagua no Oceano Atlântico, após um percurso, inteiramente 
em território nacional, de cérea de 3100 quilômetros |! É, em desen- 
volvimento, um dos maiores rios da América do Sul, figurando mes- 
mo entre os vinte mais extensos do mundo. poi 

A sua bacia hidrográfica é da ordem de 610.000 km", abrangendo 
grande parte dos Estados de Minas Gerais, Bahia, Pernambuco, Ala- 
goas e Sergipe e pequeno trecho do sudeste goiano. |: 


O São Francisco é um rio de planalto; desce, inicialmente, por 
serras alcantiladas e, em seguida, por chapadões e planaltos, pas- 
sando depois a correr com pequeno declive, tendo normalmente ex- 
tenso leito maior. Da cidade de Barra do Rio Grande, no Estado 
а, só recebendo 
daí até a foz dois afluentes perenes: o riacho do € “itre, situado a 
cérca de 22 km a montante da cidade de Juazeiro, ino Estado da 
Bahia, e o rio Betume, já quase na sua desembocadura, no Estado 


ce Sergive. 
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No trecho situado entre as localidades de Jatoba e Рао, de Açú- 

car, apresenta uma série de corredeiras e saltos, entre os: quais so- 
bressaem as grandes quedas de Paulo Afonso e Itaparica. 

O rio Sic Francisco é navegável em mais de 1.700 quilómetros 

do seu curso, assim como em cérca de 1.300 quilômetros; de seus 


afluentes mineiros e bahianos (rios Paracatu, Urucuia, Corrente 'e 
Grande). 5 il 


À sua bacia hidrográfica pode ser dividida em trés secções: o 
alto São Francisco, das nascentes até Pirapora; o médio Sao Fran- 
cisco, que se estende de Pirapora até a Cachoeira de Paulo Afonso 
ou até Pão de Acücar, е o baixo São Francisco, dai até a foz; 


| 
‘Recebe em. seu. percurso grande nümero de afluentes, entre os pa 
quais se destacam os rios Perdição (m.e.), Pará (m.d.), Paraopeba D 
(m.d.). Indaiá (m.e.), Abaeté (m. e.), Velhas (m. d.), Jequitai (m. d.), m 
Pacuí (m.d.), Paracatu (m.e.), Urucuia (m.e.), Verde Grande (m. d.), E 
Carinhanha (m. e.), Corrente (m. e.), Grande m. e.), Salitre (m. d.), E 
Pajeü (m.e.), Moxotó (m.e.) e Betume (m.d.). S 


Em 31 de dezembro de 1952, existiam 133 postos fluviométricos 


em funcionamento e haviam sido efetuadas 5.475 medições ide des- 
carga. ` PU 


1 
| 
zem 7 BEN 
1 
| 


A seguir apresentamos algumas características hidrológicas do 


| 
А à : E ; 19 5 
rio S. Francisco nas localidades de Pörto da Barra, Barra do Parao- U | 
peba, Januária e Juazeiro. NE | 


| 
Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


1 

i 
Escala fluviométrica no rlo Piracica- 
ba (bacia do Doce), na localidade de 
Antonio Diaz, Estado de Minas Gerais. 

| 


Escala fluviométrica no 
rio Јаси (bacia do 
Quaíba), na localidade 
de Dona Francisca, Ea- 
tado do R. Q. do Sul. 
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Medição de descarga. a уйи, no rio Sapucal (bacia de Gran. 
Чез. na localidade de Fazenda da Guarda, Estado de São Paulo. 


Я i in P 
——— — LL. 


Medição de descarga, em canóa, com cabo transversal duplo, no rio Lambari (bacia 
do Grande), na localidade de Fazenda Juca Casemiro, Estado da Minas Gerais. 
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Pósto: Pórto da Barra 
` Rio: Süo Francisco 
Estado: Minas Gorais 
Municipio: Abaeté 
Localização: cérca de 12km n montante da barra do rio Pará 
Área de drenagem: 12.300 km? | 
Altitude do zero da escala: 549 m, aproximadamente 
Inicio das observações: 14-5-1939 


Numero de medições de descarga: 15 


CARACTERISTICAS FLUVIOMETRICAS ANUAIS: 


RR a у: 


a je ] e 


21 b idi. 
бга. f. 8 -- 
61,5, 87,8 152 
68.11 89.11 33 
mal зый 171 


| Teak | 970,152 
mél 65.5: 96 

‚|. 68.2.1 95. | 16% 
81.0 1107.0 | 180 .i 


88. ¡119.0 | 182 
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Pósto: Barra do Paraopeba : | i 
. p 
Rio: S&o Francisco | 
Estado: Minas Gerais ; : I 
Municipio: Abaoté | | 


Localizagáo: А jusante da confluéncia dos rios S. Francisco e Parao- | | 
peba 1 


Área de drenagem: 41.597 km* | 
Altitude do zero da escala: 494m, aproximadamente | 


Inicio das observações: 11-5-1939 


Número de medições de descarga: 23 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 


HTITES 


ож 
: à 
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8 
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628 f. 20.9; 570. 
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| JE 12 | | | 
| Pósto: Januéria t 
| ПИ 
i Rio: São Francisco 
| Estado: Minas Gerais 
| Municipio: Januária 
| | Iw 
| Hp Localização: Na cidado de Januária, à margem esquerda 
| ji! | , 
| 4 Área de drenagem: 201.541 km? 
| 

| bi i 
| i Altitude do zero da escala: 449 m. aproximadamente 
i É i Início das observações: 23-8-1927 
| 1 | Número de medições de descarga: 29 
| 11 MUT 5 
; jb 
| ШЕ 
| CARACTERISTICAS FLUVIOMETRICAS ANUAIS: 
i i : 
i | ; 
| | i 
| HE 
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: 5 Ped 29.6 
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Pósto: Juázoiro 

Rio: Süo Francisco 

Estado: Bahia 

Município: Juázoiro 

Localização: Na extremidado lusto da Praça da Bandeira 
Area de drenagem: 490.769 km? aproximadamente 


Altitude do zero da escala: 356,075 m. referida à altitude dotorminade 
por nivelamento geodésico do D.F.O.C.S. 


Início das observações: 6-9-1928 
Número de medições de descarga: 51 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 


es|nste8s ne | 
1 E 
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Baciu do rio Itapicuru 


Hidrografia: nasce no município de Jaguarari, no Estado da 
Bahia, em altitude aproximada de 800 metros. 


A sua bacia hidrográfica até a localidade denominada Itapicuru 
está situada no poligono das sêcas; o rio Itapicuru elos seus afluen- 
tes, nesse trecho, são, na sua maioria, intermitentes. 

i ‘Langa-se no Oceano Atlântico, após um percurso de cérca de 
265 km inteiramente no Estado da Bahia; sua bacia hidrográfica é 
da ordem de 36 900 km? de área. 

Os seus principais afluentes são: rios Itapicuru-Acu (m.d.), Ita- 
picuru-Mirim (m.d.), Jacurici (m.e.) e Peixe de Baixo (m.d.). 

Nn bacia do rio Itapicuru havia em 31 de dezembro de 1952, 7 
postos fluviométricos em funcionamento, e tinham sido realizadas 
até essa data 296 medições de descarga. 

Abaixo se encontram caracteristicas hidrológicas ido mencionado 
rio no pósto de Cipó. 
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Pósto: Cipó 

Rio: Itapicuru 

Estado: Bahia 

Municipio: Cipó 

Localização: 30 metros a montante dos banheiros tormais 
Área de drenagem: 28.785 km? 

Início das observações: 17-10-1934 


Número de medições de descarga: 35 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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4 Bacia do rio 


Paraguaçu 


Hidrografia: o rio Paraguaçu nasce na fralda ocidental da serra 
do Coral, municipio de Barra da Estiva, Estado da Bahia. 
A sua bacia hidrográfica é da ordem de 70.400 km?, sendo o maior 


rio que desagua na baia de Todos 
Os seus principais tributários 


os Santos. 
| 


são: rios Santo Antônio (m.e.), 


Una (m. d. » Tupim (m.e.), Piranhas (m.e.), Peixe (m.e.) e Jacuípe 


(m.e.) o rio Jacuipe, o maior afluei 
do Paraguagu, todavia o seu curso 
Havia |em 31 de dezembro de 


nte, tem quase a 
não é perene. 


mesma extensão 


1952, 13 postos fluviométricos e 


tinham sido executadas até essa data 291 medições de descarga. 
A Seguir | figuram caracteristicas hidrológicas do rio Paraguaçu 


no pósto de Itaité. 
Pósto: Itaité | 

Rio: Paraguacu 
Estado; Bahia 
Municipio:| Andarai 


Localização: | No pórto da Gameleira” 


Area се drenagem: 20.000 km“ 
Inicio das observações: 27-4-1931 


Número de. medições de descarga: 58 
CARACTERÍSTICAS FEUVIOMETRIC: AS ANUAIS: 
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Bacia do rio Joquiricá 


Hidrografia: nasce na serra Geral, municipio de Maracas, Estado 
da Bahia, em altitude aproximada de 700 metros e desagua no Ocea- 
no Atlantico, tendo todo o seu curso em terras bahianas; sua bacia 
hidrográfica é da ordem de 5.500 km”. 

Os seus principais afluentes sáo: rios Xenxem (m.e.), Jequirigá- 
Mirim (m. e.) e Verde (m. e.). 

A bacia do rio Jequirigá tinha em 31 de dezembro de 1952, 4 
postos fluviométricos em funcionamento e até essa época se havia 
procedido a 134 medições de descarga. 

Apresentamos em seguida características hidrológicas do rio Je- 
quirica em Laje. 


Posto: Laje 

Rio: Jequiriçã 

Estado: Bahia 

Municipio: Laje 

Localização: Na ponte de madeira 

Área de drenagem: 4.864 km“ 

Altitude do zero da escala: 150 m aproximadamonto 
Inicio das observacóes: 2-8-1927 

Número de medigóes de descargas: 4l 


CARACTERISTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio do Contas 


Hidro айа: o rio de Contas nasce no municipio de Piatã, Es- 
tado da Bahia, e desembocs no Oceano Atlântico, na altura da cidade 
de Itacaré; sua bacia hidrográfica é da ordem de 63.000 km”. 


Acha-se inteiramente situado na zona sul da Bahia, figurando 
entre os Fine maiores componentes da réde potamografica désse 
Estado. 

A sua Баса hidrográfica, até a cidade de Jequié, està na zona 
do poligc no das sécas; recebe vários afluentes de ambas as margens, 
todos de regime acentuadamente torrencial, entre os quais se desta- 
cam os rios Brumado (m.d.), Gavião (m.d.), Caqueira (m.d.), Sin- 
сога (т. e.) e Jacaré (m.c.). 


Ésses|rios, apesar da grande area de drenagem, sáo na maioria 
intermiténtes, em virtude das grandes perdas por infiltração e eva- 
poração, que pcorrem naquele trecho da bacia; essa região constitui 
o alto ria de Contas. 

A jusante da cidade de Jequié, após totalizar cèrca de 75%: da 
sua bacia, apresenta o rio de Contas regime permanente, recebendo 
tributários de ambas as margens, como o Cachoeira (т.о.), Água 
Branca (m. e.), Peixe (m.d.), Gongogi (m.d.) e Cricó Grande (m. e). 
Por suas caracteristicas, tao distintas da parte superior, recebe ai a 
denominação de baixo rio de Contas. 

A sua rêde fluviométrica em 31 de dezembro de 1952 compu- 
nha-se de 6 postos em funcionamento e haviam sido executadas até 
essa data |268 medições de descarga. 

Aprésentamos em seguida características hidrológicas do rio de 
Contas nas localidades de Santo António, Ipiaú (ex-Rio Novo) e Ubai- 
taba (ex+Ttapira). 
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Pósto: Santo António 


Rio: Contas 


i 
1 
i 


Estado: Bahia 


i 
Municipio: Ituagu 
Localização: A jusante da ponte da У. Е. F. L. Б. 
Area de drenagem: 17.501 km“ 


Altitude do zero da escala: 340m aproximacamente 


Inicio das observações: 14-3-1935 


Número de medições de descarga: 51 
| 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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“o 
| Pôsto: Ipiaú (ox-Rio Novo) 

| Rio: Contas 

| Estado: Bahia 

| Municipio: Ipiaú 

| Localização: Trecho do rio denominado Mira Rio. na cidado. 
| Area de drenagem: 44011 km° 


| Altitude do zero da escala: 103m aproximadamonte. 


| Inicio das observações: 20-4-1937 


| CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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Posto: Ubaitaba (ex-Itapira) 
Rio: Contas 

Estado: Bahia 

Município: Ubaitaba 


Localização: Próximo de um pequeno trecho de cais de alvenaria, 
na entrada da cidade. 


Area de drenagem: 52.227 lem: 
Altitude do zero da escala: 47m aproximadamente 
Inicio das observações: 10-9-1935 


Número de medições de descarga: 37 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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Bacia do rio Pardo 


Hidrografia: nasce na encosta do monte denominado Pedra de 
Amolar, na serra das Almas, municivio de Rio Pardo, Estado de 
Minas Gerais, em altitude aproximada de 1.000 metros; desagua no 
Oceano Atlàntico em frente da cidade de Canavieiras, по Estado da 
Bahia, após um percurso de cérca de 790 km. Sua bacia hidrográ- 
fica é da ordem de 28.109 кт: de área. 

Os seus mais importantes tributários são: rios Ribeirão (m.e.), 
São João (m.e.) e o Mangeronas (m.d.). 

Em 31 de dezembro de 1952, existiam 9 postos fluviométricos 
em funcionamento e até essa data tinham sido efetuadas 154 me- 
dições de descarga. 

Abaixo figuram caracteristicas hidrológicas do rio Pardo nos 
postos de Itambé e Mascote. 


Posto: Itambé 

Rio: Pardo 

Estado: Bahia 

Municipio: Itambé 

Localização: Ponto de abastecimento d'água 

Área de drenagem: 19.700 km? 

Altitude do zero da escala: 285 т aproximadamente 
Inicio das observações: 10-12-1935 


Número de medições de descarga: 36 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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23 
Posto: Mascote 

Rio: Perdo 

Estado: Bahia 

Municipio: Canavieiras 

Localização: Na foz do córrego Peixoto 
Área de drenagem: 30.400 km“ 

Início das observações: 29-4-1936 


Número de medições de descarga: 41 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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pi Bacia do rio Jequitinhonha 

Hidrografia: o rio Jequitinhonha tem sua nascente na serra do 
Espinhaço, ¡municipio de Serro, Estado de Minas Gerais; após per- 
correr cérca de 1.200 km Janga-se no Oceano Atlàntico, em Belmonte, 
Estado da Bahia. Sua bacia hidrográfica é de 62.100 km? aproxi- 
madamente. || | 

Ao atravessar as montanhas e chapadas do norte de Minas Ge- 
rais, ет direção à costa, apresenta o seu leito encachoeirado, sendo 
a mais importante a cachoeira do Salto Grande, na divisa mineiro- 
bahiana. ||: ; É 

Próximo à sua foz, forma um canal natural que o vai ligar ao 
rio Pardo, um pouco acima da cidade de Canavieiras. 

Recebe em seu percurso vários afluentes dentre os quais os rios 
Itacambira’ (m.e.), Vacaria (m.e.), Arassuai (m.d.), São Miguel (m.d.) 
e São Francisco (m.e.). 

A sua réde fluviométrica, em 31 de dezembro de 1952, compu- 
nha-se de 29 postos e haviam sido efetuadas até essa data 1.173 me- 
dições de |descarga. 


A seguir apresentamos algumas características hidrológicas do 
rio Jequitinhonha em Jequitinhonha. 


Pósto: Jequitinhonha 
Rio: Jequitinhonha 
Estado: Minas Gerais 
Município; | Jequitinhonha 


Localização: No local de travossia do balsas 
Área de drenagem: 49.700 km* 
Altitude do zero da escala: 220m aproximadamento 


Inicio das, observações: 10-6-1939 
Número de medições de descarga: 74 


CARACTERISTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Mucuri 


UN I зу. 


| 

Hidrografia: o rio Mucuri nasce na serra da Noruega, municipio 
de Malacacheta, Estado de Minas Gerais, em altitude aproximada 
de 660 metros. : 

Após um percurso de cérca de 530 km, servindo de limite entre 
os Estados de Minas Gerais e Bahia e entre Bahia e Espirito Santo, 
desagua no Oceano! Atlântico; sua bacia hidrográfica é da ordem 
de 15.000 km“. | 

Os seus principais afluentes são: rios Préto (m.e.) Todos os 
Santos (m.d.) e Pampam (m.d.). 

Em 31 de dezembro de 1952 havia, na bacia do rio Mucuri, 4 
postos fluviométricos em funcionamento e tinham sido realizadas 
até essa data 220 medições de descarga. 

Abaixo se encontram caracteristicas hidrológicas do citado rio 
na localidade de Carlos Chagas. 

1 


Pósto: Carlos Chagas 

Rio: Mucuri | 

Estado: Minas Gerais 

Municipio: Carlos Chagas 

Localizagáo: Na ponte sôbro o rio Mucuri, próximo da cadeia. 
Área de drenagem: 9.800 km’ 

Altitude do zero da escala: 146m aproximadamonte 

Inicio das observações: 13-12-1939 

Numero de medições de descarga: 65 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 


| 
Í 


4 


| BekBEEDGR 


so + 
ago | 170 [36.%| 2,6 su i 
.1991 | 198 1 0.00! о.о | 1.60 16.69 25. * 32.5 260 i 
i 2% 1 

1 


‚|. 22,47] 37. u 


5345] er 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


217 
Bacia do rio Doce 


Hidrografia: o rio Doce nasce com o nome de rio Piranga, num 
dos contrafortes da Serra da Trapizonga, municipio de Barbacena, 
Estado de Minas Gerais, em altitude aproximada de 1.200 metros; 
depois de sua confluéncia com o rio do Carmo, passa a chamar-se 
rio Doce, desaguando no Oceano Atlântico, no litoral do Estado do 
Espírito Santo, após um desenvolvimento de cérca de 700km. Sua 
bacia hidrográfica é da ordem de 84.700 km? de área. 

Sao seus principais tributarios: rios Carmo (m.e.), Piracicaba 
(m.e.), Santo António (m.e.), Suassuí Grande (m.e.) e Manhuacu 
(m.d.). 

Em 31 de dezembro de 1952 existiam em funcionamento, na bacia 
do rio Doce, 88 postos fluviométricos, e até ésse dia haviam sido efe- 
tuadas 4.810 medigóes de descarga. 

Apresentamos em seguida características hidrológicas da bacia 
do Doce em Ponte Nova e Colatina. 


Pósto: Ponte Nova 

Rio: Piranga 

Estado: Minas Gerais 

Municipio: Ponto Nova 

Localização: Na ponte da E. F. Leopoldina 

Área de drenagem: 6.195 km: 

Altitude do zero da escala: 393 m, aproximadamente 
Início das observações: 19-3-1939 

Nümero de medicóes de descarga: 146 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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Pósto: Colatina 

Rio: Doce 

Estado: Espirito Santo 

Municipio: Colatina 

Localização: Na ponte municipal 

Área de drenagem: 77.407 km? 

Altitude do zero da escala: 32m, aproximadamente 
Início das observações: 90-12-1937 


Número de medições de descarga: 97 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Itapemirim 


Hidrografia: nasce éste rio no morro do Valentim, municipio de 
luna, Estado do Espirito Santo, em altitude aproximada de 700 me- 
tros; langa-se no Oceano Atlântico, tendo todo o seu curso nesse 
Estado. Sua bacia hidrográfica é da ordem de 6.820 km? de área. 

Os seus principais afluentes são: rios Santa Cruz (m.d.), Castelo 
(m.e.) e Muqui do Norte (m.d.). 

A. bacia do rio Itapemirim tinha em 31 de dezembro de 1952, 
6 postos fluviométricos em funcionamento e até essa época se havia 
procedido a 245 medições de descarga. 

A seguir figuram características hidrológicas do mencionado rio 
no pósto de Cachoeiro do Itapemirim. 


Pósto: Cachoeiro do Itapemirim 

Rio: Itapemirim 

Estado: Espírito Santo 

Municipio: Cachoeiro do Itapomirim 

Localização: 4km a jusante da Estação da E. F. L. 
Area de drenagem: 5.220 km: 

Início das observações: 18-8-1935 

Número de medições de descarga: 86 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Itabapoana 


Hidrografia: nasce no вийдевїе minciro, na serra do Caparaó, 
município de Espera Feliz} i ‘serve de limite entre os Estados do Es- 
pirito Santo e Rio de Janeiro até desembocar no Oceano Atlántico, 
na Barra do Itabapoana, após um percurso de 264 km aproximada- 
mente. Sua bacia hidrográfica é de cérca de 3.180 km? de área. 

Os seus principais tributários sao: rios Préto (m.e.), Veado (m.e.), 
Varre Sae (m.d.) e Muqui: do Sul (m.e.). 

Na bacia do rio Itabapoana, em 31 de dezembro de 1952, havia 
5 postos fluviométricos e tinham sido realizadas 205 medições de 
descarga até essa data. 

Abaixo se encontram (características hidrológicas do mencionado 
rio em Itabapoana (Ponte) `: 


Pósto: Itabapoana (Ponte) 
Rio: Itabapoana 
Estado: Espirito Santo 
Localização: No encontro de m.e. da ponte inter-estadual. 
Area de drenagem: 2.940 km* 

Início das observacóes: 5-8:1930 

Número de medições de descarga: 55 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Paraíba do Sul 


Hidrografia: o rio Paraíba do Sul é formado pelos rios Paraitin- 
ga e Paraibuna. 


O rio Paraitinga tem suas nascentes na serra da Bocaina, macico 
pertencente ao sistema da cordilheira do Mar, quase no limite dos 
Estados de São Paulo e Rio de Janeiro, em altitude de 1.800 metros. 


Após um percurso de 200km aproximadamente, abrangendo 
‘uma bacia hidrográfica de cérca de 2.500 km*, junta-se ao rio Parai- 
buna, em altitude de 620 metros, e toma o nome de Paraiba do Sul. 


O rio Paraibuna nasce na serra do Parati, contraforte da cordi- 
Iheira do Mar, na linha divisória dos Estados do Rio de Janeiro e 
“São Paulo, em altitude de 1.600 metros; conflue com o rio Paraitinga 
depois de percorrer cérca de 140 km, e suà bacia hidrográfica é esti- 
mada em 1.900 km”. . 

А bacia do rio Paraiba, drena uma região que estende por três 
unidades da Federação, São Paulo, Minas Gerais e Rio dé Janeiro; 
pela sua situação geográfica, é das mais importantes de nosso país. 

Em sua periferia se acham localizadas as duas maiores cidades 
brasileiras: Sao Paulo e Rio de Janeiro, ambas com mais de dois 
milhões de habitantes, e em seu eixo se encontra Volta Redonda, 
marco de nossa indústria pesada. 

A bacia hidrográfica do rio Paraiba tem aproximadamente 57.000 
km: de área e pode ser dividida em trés secções; superior, média e 
inferior. 

О curso superior estende-se das nascentes até a cidade de Gua- 
rareraa, no Estado de Sao Paulo; o médio, de Guararema até a loca- 
lidade de Itaocara, no Estado do Rio de Janeiro, e o inferior daí até 
a foz, no Oceano Atlántico. 

Recebe em seu percurso grande nümero de afluentes, cujos prin- 
cipais são: rios Jaguari (m.e.), Buquira (m.e.), Bocaina (m.d.), Pia- 
banha (m.d.), Préto-Paraibuna (m.e.), Paquequer (m.d.), Pomba 
(m.e), Dois Rios (m.d.) e Muriaé (m.e.). 

А sua réde fluviométrica, em 31 de dezembro de 1952, compu- 
nha-se de 95 postos em funcionamento, e até essa data haviam sido 
efetuadas 5.862 medigóes de descarga. 

A seguri npresentamos caracteristicas hidrológicas do rio, Parai- 
ba, nos postos de Guararema, Resende e Campos. 
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Pósto: Guararema 

Rio: Paraiba do Sul 

Estado: S&o Paulo 

Municipio: Guararema 

Localização: Próximo da ponte da E. F. C. B. 
Area de drenagem: 5.300 km“ 

Inicio das observações: 19-10-1922 

Número de medições de descarga: 65 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Pósto: Hesendo | 
Rio: Paraiba do Sul || | 
Estado: Rio de Janeiro 
Municipio: Hesende 
Localização: Na ponte da cidade 
Area de drenagem: 13.930 km” | | 
Altitude do zero da escala: 387,796 m (referido à E. F. C. B.) | 
Inicio das observagóes: 6-9-1922 | 
Nümero de medigóes de descarga: 61 | 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Pósto: Campos 

Rio: Paraiba do Sul 

Esatdo: Rio de Janeiro 
Municipio: Campos 

Localizacáo: Na ponte municipal 
Área de drenagem: 55.770 ст" 
Altitude do zero da escala: 1,56 m 
Inicio das observações: 1-1-1923 


Número de medições de descarga: 39 


CARACTERISTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Ribeira do Iguape 


Hidrografia: nasce na serra das Almas, município de Ponta Gros- 
sa, Estado do Paraná, em altitude aproximada de 1.200 metros e 
desagua no Oceano Atlântico no litoral paulista; sua bacia hidrográ- 
fica é da ordein de 24.500 km? de área. 

Os seus principais afluentes são: rios Assungui (m.d.), Turvo 
(m.e.), Botari (m.e.), Pilões (m. e.), Juquiá (m.e.), Jacupiranga 
(m.d.) e Una d'Aldeia (m.e.). 

Na bacia do rio Ribeira do Iguape, em 31 de dezembro de 1952, 
havia 17 postos fluviométricos em funcionamento e tinham sido exe- 
cutadas até essa data 1.148 medições de descarga. 

Apresentamos a seguir caracteristicas hidrológicas do rio Ribeira 
do Iguape em Balsa do Cerro Azul, Capela da Ribeira e Iporanga. 


Pósto: Balsa do Cerro Azul 
Rio: Hibeira do Iguape 
Estado: Paraná 
Municipio: Cerro Azul 
Localizacüo: No pérto da balsa, a córca de 8 km da cidade 
Área de drenagem: 4.731 km? 
Inicio das observações: 7-5-1930 
Nümero de medigóes de descarga: 102 
CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Posto: Capela da Ribeira 

Rio: Ribeira do Iguape 

Estado: São Paulo 

Municipio: Ribeira 

Localização: Cérca de 300 metros da Igroja 
Área de drenagem: 7.192 km" 

Inicio das observações: 20-10-1936 


Número de medições de descarga: 98 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Tieté 


Hidrografía: nasce no Pico de Corcovado, municipio de Salesó- 
polis, Estado de Sáo Paulo, em altitude aproximada de 900 metros: 
langa-se no rio Paraná pela margem esquerda. Sua bacia hidrogra- 
fica é da ordem de 71.900 km? de área. 

São seus principais tributários os rios Capivari (m.d.), Sorocaba 
(m.e.), Piracicaba (m.d.), Jacaré-Pepira (m.d.), Jacaré-Guaçu (m.d.), 
Porcos (m.d.), Batalha (m.e.) e Dourados (m.e.). 


Em 31 de dezembro de 1952 existiam 28 postos fluviométricos 
em funcionamento e tinham sido realizados até essa época 1.350 
medições de descarga. 


A seguir se encontram caracteristicas hidrológicas do rio Tietê 
em Tietê, Barra Bonita e Lussanvira. 
Pósto: Tiete 
Rio: Tieté 
Estado: Sao Paulo 
Municipio: Tieté 
Localização: Na ponte da cidade de Tieté 
Area de drenagem: 9.070 km” 
Início das observações: 20-5-1939 
Número de medições de descarga: 67 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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Pósto: Iporanga 
Rio: Ribeira do Iguape 
Estado: São Paulo 
Municipio: Iporanga 
Localização: Na cidade de Iporanga 
Área de drenagem: 13.160 km? 
Início das observações: 1-11-1941 


Número de medições de descarga: 93 


| 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 


ane. 


| 


DESSERRUMTEB| 


. 10,1) 320 


de 


SEB EBQEES 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


38 
Bacia do rio Itajai-Agu 


Hidrografia: o rio Itajai-Açu nasce com o nome de Itajai do 
Oeste, na serra do Espigão, municipio de Rio do Sul, Estado de Santa 
Catarina, em altitude aproximada de 1.200 metros. 

Após receber o rio Itajai do Sul, toma a denominagao de Itajai- 
Agu; drena grande area ao longo da serra Geral e vai langar-se no 
Oceano Atlántico, na cidade de Itajai. Sua bacia hidrográfica é da 
ordem de 14.800 km”, inteiramente situada em território catarinense. 

Recebe diversos tributários, dentre os quais os rios Trombudo 
(m.d.), Itajaí do Sul (m.d.), Itajaí do Norte (m.e.), Benedito (m.e.), 
Luiz Alves (m.e.) e Itajai-Mirim (m.d.). 

Em 31 de dezembro de 1952 existiam 26 postos fluviométricos 
em funcionamento e haviam sido efetuadas 1.635 medições de des- 
carga até essa data. 

Abaixo se encontram características hidrológicas do rio Itajai- 
Аси nas localidades de Rio do Sul, Apiüna e Itoupava Norte (Séca). 


Pósto: Rio do Sul 

Rio: Itajaí-Acu 

Estado: Santa Catarina 

Município: Rio do Sul 

Localização: A jusante da confluóncia dos rios Itajaí do Sul e Itajaí 
do Ooste 

Área de drenagem: 5.117 km? 

Início das observações: 1-11-1927 

Número de medições de descarga: 113 


CARACTERISTICAS FLUVIOMETRICAS ANUAIS: 
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Pósto: Apiüna 

Rio: Itajaí-Acu 

Estado: Santa Catarina 

Município: Indaial 

Localização: Сёгса de 150 motros da Estação da Estrada de Ferro 


Área de drenagem: 9.460 km: 

Altitude do zero da escala: 327 m aproximadamente 
Início das observações: 16-10-1927 

Nümero de medigóes de descarga: 93 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Posto: Itoupava Norte (Seca) | 
Rio: Itajai-Agu ; 
Estado: Santa Catarina 
Município: Blumonau 


Localização: No fundo da Estação de Itoupava Séca. arrabalde de 
Blumenau 


Area de drenagem: 11.856 km” 
Altitude do zero da escala: 0,86 m aproximadamente 
Início das observações: 1-4-1928 


Número de medições de descarga: 47 


CARACTERISTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Tubarao 


Hidrografia: nasce o rio Tubarão no municipio de Orleans, Es- 
tado de Santa Catarina e langa-se no Oceano Atlàntico, tendo todo 
o seu curso nesse Estado; sua bacia hidrográfica é de 4.000 km? apro- 
ximadamente. 

Os seus principais afluentes são: rios Laranjeiras (m.e.), Pal- 
meiras (m. d.), Braço do Norte (m. e.) e Capivari (m. e.). 

Existiam em 31 de dezembro de 1952, na bacia do rio Tubarão, 
8 postos fluviométricos e tinham sido executadas até essa época 516 


medições' de descarga. 
A seguir figuram características fluviométricas do rio Tubarão 


em rio do Pouso. 


Pósto: Rio do Pouso 
Rio: Tubarão 

Estado: Santa Catarina 
Município: Tubarão 


Localização: Na travessia do rio Tubarão pela estrada do rodagem 
Tubarão a Florianópolis 


Area de drenagem: 2.735 km* 
Inicio das observações: 25-3-1939 
Número de medições de descarga: 68 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do Rio Jacui-Taquari 


Hidrografia: os rios Jacuí e Taquari sao os principais formadores 
do rio Guaiba. 

О rio Jacui tem suas nascentes no municipio de Passo Fundo, 
Estado do Rio Grande do Sul, em altitude aproximada de 680 me- 
tros; o seu curso tem cérca de 520 km de extensão até a confluência 
com o Taquari. 


O rio Taquari nasce nesse mesmo Estado, no municipio de Apa- 
rados da Serra, a uma altitude aproximada de 1.200 metros, com o 
nome de rio das Anats; após a confluéncia com o rio Guaporé passa 
a denominar-se Taauari. 

A bacia hidrografica do Jacui-Taquari tem aproximadamente 
72.960 km?, isto é, cérca de um térgo da superficie do Estado do 
Rio Grande do Sul. 


Os principais afluentes do Jacuí são: rios Ingai m. d.). Jacuizi- 
nho (m.e.), Vacacai (m.d.) e Pardinho (m.e.). 

Os principais tributários do Taquari sao: rios Camisas (m.e.), 
Tainhas (m.e.), Lajeado Grande (m.e.), Quebra Pente (m.d.), Prata 
(m. d.,) Guaporé (m. d.), Forqueta (m. d.) e Taquari-Mirim (m. d.) 


A bacia do Jacui-Taquari, em 31 de dezembro de 1952, tinha 83 
postos fluviométricos em funcionamento e até ésse dia haviam sido 
realizadas 2.417 medições de descarga. 

Apresentamos em seguida caracteristicas hidrológicas da men- 
cionada bacia nos postos de Cachoeira, Mussum e Bom Retiro. 
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Pósto: Cachoeira 

Municipio: Iandaial 

Rio: Jecui 

Estado: R. G. do Sul 

Municipio: Cachoeira 

Localização: Na cidade de Cachoeira 
Area de drenagem: 30.466 km* 
Inicio das observacóes: 13-12-1939 


Número de medições de descarga: 19 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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Pósto: Mussum 

Rio: Taquari 

Estado: Н. G. do Sul | 
Municipio: Guaporé | 
Localização: Na vila do Mussum | 
Area de drenagem: 16.078 km” | 
Inicio das observações: 15-2-1940 | 


Número de medições de descarga: 120 | 


| 
| 


CARACTERISTICAS FLUVIOMETRICAS ANUAIS: 
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Pósto: Bom Rotiro 
Rio: Taquari 

Estado: R. G. do Sul 
Municipio: Taquari 
Localização: Na cidado do Bom Retiro 
Área de drenagem: 24.225 km" 

Inicio das observagées: 8-6-1939 


Número de medições de descarga: 79 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Grande 


Hidrografia: o rio Grande tem suas nascentes no Alto do Mi- 
rantao, na serra da Mantiqueira, municipio de Itamonte, Estado de 
Minas Gerais, em altitude aproximada de 1.900 metros. 

Suas águas correm para o interior do País, e nos ültimos 600 km 
de seu curso inferior serve de limite entre os Estados de Minas 
Gerais e Sao Paulo. 

Após um percurso de 1.300km, com uma bacia nidrográfica da 
ordem de 143.000 km“, junta-se ao rio Parnaíba, formando o cauda- 
loso Paraná; éste, sucessivamente engrossado pelos rios Tieté, Su- 
curià, Aguapei, Verde, Peixe, Pardo, Paranapanema, Ivai, Pequiri, 
Iguagu, Paraguai, Salado e Carcaraná, vai, com o nome de rio da 
Prata, langar-se no Oceano Atlàntico, com uma das maiores bacias 
hidrográficas do mundo. 

O rio Grande recebe vários afluentes, entre os quais se desta- 
cam os rios Aiuruoca (m.e.), Mortes (m.d.), Jacaré (m.d.), Sapucai 
(m. e.). S. João (m. e.), Sapucai-Mirim (m. e.). Uberaba (m. d.), Par- 
do (m. e.), Verde (m. d.) e o Turvo (m. e.). 

A sua rêde fiuviométrica, em 31 de dezembro de 1952, compu- 
nha-se de 131 postos; até essa data haviam sido efetuadas 7.868 me- 
digóes de descarga. 

Abaixo figuram caracteristicas hidrológicas do rio Grande nas 
localidades de Porto Capetinga. São José da Barra e Pórto José 
Américo. 
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Posto: Pórto Capetinga 
Rio: Grande 

Estado: Minas Gerais 
Municipio: Capetinga 
Localização: 80 metros a jusante da barra do ribeirão Capotinga 
Area de drenagem: 25.520 km? 

Altitude do zero da escala: 718 m, aproximadamente 
Início das observações: 1-10-1930 


Número de medições de descarga: 17 


CARACTERÍSTICAS FLUVIOMETRICAS ANUAIS: 
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Pósto: Sao José da Barra 
Rio: Grande 

Estado: Minas Gerais 
Municipio: Guapó 


Localizagao: 400 metros a jusante da confluéncia dos rios Grande e 
Sapucai 


Area de drenagem: 52.110 кт? 
Altitude do zero da escala: 696 m, aproximadamente 
Início das observações: 7-6-1930 


Número de medições de descarga: 17 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 


1 
— 
1 


5 
* 
8 
в 
8 
8 
$ 


E 589 . gols | 
эз! 04; жа . 676 . 1461 | : 
2933) 62, 208 , d 6871 308 
DA] м, эл. ва 1 ж 65, е 
J| 00; 376. . э бл Lb Me 
192] TR; 5 . оз 527, бо! 6. 
491] TO. 33, + 2% ёл 15811 „% 
299} A; o. : 350.89 1525! 2 
19%) бо, 202: E 
amo] а, mu ‚515, 786 167% i 518. 
iwi] m! هيد‎ | Ag); GOT 10% „1 
1949 т. mg зт то up| ; 
1983) 97 1 1.366 jM iate i: 
SEE 257, * „ 1960 |0578 
1% j 70 Xe. 5.8 s» e as u | مها‎ 
1996 | 7.28 6.1. жг 920 | age unu [ex 
AAT | 16 899 . 3.6 , 665 % 2618 | 685 | 
198 | 10 . e | 338 ! o» | T06 295 | bzs . 
маў}. 56 :250 : 868 | 205 | 366 | 751 1000 | %% 
1990 | 100 ¿+26 , 8.2 | sss : боо G AN lan. 
asma | né % | 9.6 . 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


i 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


49 
Pósto: Barra Bonita 
Rio: Tieté 

Estado: Süo Paulo 
Municipio: Barra Bonita | 
Localização: Na ponto da cidade do Barra Bonita 
Area de drenagem: 33.800 km? | 
Início das observações: 8-7-1930 


Número de medições de descarga: 71 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do| rio Paranapanema 


Hidrografia: tributário pela margem esquerda do alto Paraná. 
nasce na serra dos Agudos Grandes, divisa dos municipios de Capão 
Bonito e Xixirica, no Estado de São Paulo; serve de limite entre 
éste Estado e o do Paraná. 

O rio Paranapanema, com aproximadamente 107.400 km? de área, 
é o afluente do Paraná de maior bacia hidrográfica. 

Recebe em seu percurso| grande nümero de afluentes, entre os 
quais se destacam os rios Itapetininga (m.d.), Apiai (m.e.), Taquari 
(m.e.), Itararé (m.e.), Turvo (m.d.), Cinzas (m.e.), Tibagi (m.e.) 
e Pirapó (m.e.). | 

Na bacia do Paranapanema, em 31 de dezembro de 1952, havia 
35 postos fluviométricos em funcionamento e tinham sido realizadas 
até essa data 2.449 medições de descarga. 

A seguir figuram características hidrológicas do rio Paranapa- 
nema nas localidades de porto Paranapanema e Baguaçu (Salto 
nema e Baguaçu (Salto Grande). 


Pósto: Pôrto Faranapanema | 
Rio: Paranapanema 
Estado: São Paulo 

Município: Avaré 

Localização: A montante da ponte da estrada de rodagem Itai-Avaré. 
Area de drenagem: 12.900 km? 
Inicio das observações: 4-11-1 


Número de medições de descarga: 90 
CARACTERISTICAS |FLUVIOMÉTRICAS ANUAIS: 
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Pósto: Pérto José Américo 
Rio: Grandoe 
Estado: Sao Paulo 
Municipio: Guaraci 
Localização: 3 km a jusante da cachoeira dos Maribondos 
| Área de drenagem: 118.534 km: 
Altitude do zero da escala: 380m, aproximadamente 
Inicio das observações: 10-6-1928 


Nümero de medicóes de descarga: 60 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Pésto: Lussanvira 

Rio: Tiotẽ 

Estado: Sao Paulo 

Municipio: Aragatuba 

Localização: Próximo da Estação da E. F. Noroeste do Brasil 
Area de drenagem: 69.500 km* 

Início das observações: 16-10-1936 


Nümero de medições de descarga: 34 


CARACTERISTICAS FLUVIOMÉTRICAS ANUAIS: 
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Pósto: Baguagu (Salto Grande) 

Rio: Paranapanema | 

Estado: S&o Paulo 

Municipio: Salto Grande 

Localização: А 2 km da cidade de Salto Grande 
Area de drenagem: 37.840 km? 


Inicio das observações: 15-9-1930 
Número de medições de descarga: 114 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Bacia do rio Iguacu 


Hidrografia: o rio Iguaçu é formado pelos rios Atuba e Irai, 
que nascem respectivamente nos municípios de Colombo e Pira. 
quara, no primeiro planalto do Estado do Paraná. 

Toma a direção geral leste oeste, e após um percurso de apro- 
ximadamente 700 km, vai langar-se no rio Paraná, pela margem es- 
querda, totalizando uma bacia hidrográfica de cérca de 70.800 km! 
de área. ; 

Os seus principais tributários são: rios Negro (m.e.), Potinga 
(m.d.), Jordão (m.d.) e Chopim (m.e.). 

A bacia do Iguaçu, em 31 de dezembro de 1952, possuia 23 pos- 
tos fluviométricos em funcionamento e haviam sido efetuadas 1.424 
medições de descarga até essa data. 

Apresentamos abaixo características hidrológicas do citado rio 
em Pôrto Amazonas, União da Vitória e Salto Osório. 

Pósto: Pérto Amazonas 

Rio: Iguacu 

Estado: Parana 

Município: Palmeira 

Área de drenagem: 3.774 km: 

Altitude do zero da escala: 777 metros aproximadamente à 
Início das observações: 6-8-1935 
Número de medições de descarga: 161 


$ CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS : 
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Pósto: Untão da Vitória 
Rio: Iguaçu 


Estado: Paraná 
Município: União da Vitória 


: Localização: Na ponte da Estrada do Ferro (Réde Viação Paraná-Sta. 
! Catarina) 


Área de drenagem: 24.846 km? 
Altitude do zero da escala: 723 metros aproximadamente 
Início das observações: 22-5-1930 


Número de medições de descarga: 129 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAJS: 
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Pósto: Salto Osório | 
Rio: Iguaçu | 
Estado: Paraná | | | 
Municipio: Laranjeiras do Sul | | 
Area de drenagem: 46.415 km? RR ENO 
Início das observações: 18-10-1940 


Número de medições de descarga: 7 i 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: Hei 


1225 


2932 
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Hidrografia: nasce com o nome de rio Pelotas, no morro da 
Igreja, município de São Joaquim, Estado de Santa Catarina, em 
altitude aproximada de 1.800 metros. 

Em grande parte de seu percurso — após receber o rio Piperi 
Guagu — serve de limite entre o Brasil е à Argentina; desagua no 
Oceano Atlàntico, formando com o Paraná o rio da Prata. 

A sua bacia hidrográfica, em território brasileiro, abrange uma 
extensão de cêrca de 174.300 km? de área. 

Os seus mais importantes afluentes, no Brasil, são os rios: Ca- 
noas (m.d.), Peixe (m.d.), Xapecó (m.d.), Piperi-Guaçu (m.d.) Ca- 
mandaí (m.e.), Ijuí (m.e.), Piratini (m.e.), Icamaquam (m.e.) Ibi- 
cui (m.e.) e Quaraí (m.e.). 

A sua rêde fluviométrica, em 31 de dezembro de 1952, compu- 
nha-se de 91 postos e até essa época haviam sido executadas 1.261 
medições de descarga. 

Apresentamos em seguida caracteristicas hidrológicas do rio Uru- 
guai nos postos de Canoas e Marcelino Ramos. 


Pósto: Canoas 

Rio: Cunoas 

Estado: Santa Catarina 

Município: Lajes 

Localização: Na ponto da estrada Lajes-Curitibanos 
Área de drenagem: 4.365 km? 

Inicio das observações: 23-4-1940 

Número de medições de descarga: 25 


CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Posto: Marcelino Ramos 

Rio: Urugual 

Estado: R. G. do Sul 

Municipio: Marcelino Ramos 

Localizagáo: Na cidado de Marcelino Ramos 
Area de drenagem: 40.785 km* 

Início das observações: 24-10-1939 


Numero de medições de descarga: 32 


us " CARACTERÍSTICAS FLUVIOMÉTRICAS ANUAIS: 
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Resumo 


Os estudos de regime de cursos d'água brasileiros tiveram inicio 
em 1920, quando foi criada no antigo Servico Geológico e Minera- 
lógico do Brasil a Comissüo de Estudos de Fôrças Hidráulicas. 

Entretanto, sómente em fins do.ano de 1933, com a instituicáo 
da atual DIVISAO DE AGUAS, essas investigações começaram a 
ser intensiva e extensivamente feitas. 

Os gráficos que figuram às'páginas 4 e 5 permitem analisar, em 
linhas gerais, o desenvolvimento dos estudos de deflúvio que vêm 
sendo realizados em algumas de nossas principais bacias hidrogra- 
ficas. ! 


O Brasil encerra em seu vasto território, de mais de oito milhões 


de quilômetros quadrados, uma; das maiores senão a maior rêde po- 
tamográfica do mundo. : 


Nāo sendo possivel, em vista da extensão territorial e dos par- 


Cos recursos de que dispomos realizar simultáneamente,:em tódas 


as bacias hidrográficas de certa importáncia, observacóes:e estudos 


“hidrométricos detalhados, tais serviços se concentraram nas regiões 


de maior desenvolvimento econômico, as quais iriam exigir ou já 
estavam exigindo conhecimento seguro do regime dos seus rios, para 
projeto de obras hidráulicas de maior vulto. i 

A DIVISAO DE AGUAS efetua estudos sistemáticos de regime 
em bacias de rios situados nas regioes abrangidas pelos seus DIS- 
TRITOS, denominacáo dada às circunscrições territoriais em que foi 
dividido o pais (vide mapa anexc). 

Naquelas bacias, grande nümero de postos já possui a curva de 


descarga estabelecida e calculadas a vazão diária e as características 


fluviométricas mensais с anuais (máxima, mínima e média). 

Em 31 de dezembro de 1952 a réde fluviométrica compunha-se 
de 1.021 postos em funcionamento, nos quais são cfetuadas duas lei- 
turas diárias do nível d'água e até a referida data haviam sido exe- 
cutadas 43.134 medições diretas de descarga com molinete, empre- 
gando-se aparelhagem moderna, ‘bem como processos técnicos pa- 
dronizados. T 2 

A seguir apresentamos alguns dados fluviométricos das. princi- 
pais bacias hidrograficas em estudo, a fim de que déem uma :idéia 

asi 


das características volumétricas dos rios brasileiros. | : 
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PUBLICAGOES 
DO SERVIÇO GEOLÓGICO E MINERALOGICO DO BRASIL 


Boletim NO 14 — Fórcas Hidráulicas (Trabalho de 1920-1028) — 

Boletim N.º 20 — Fórcas Hidráulicas (Trabalho de 1924) = Hike a 
Boletim N.º 26 — Fórças Hidráulicas (Trabalho de 1925) — Esgotado 
Boletim Nº 30 — Fórças Hidráulicas (Trabalho de 1926) — Esgotado 
Boletim № 39 — Fórcas Hidráulicas (Trabalho de 1927) — Esgotado 
Boletim N.º 51 — Fôrças Hidráulicas (Trabalho de 1928) — Esgotado 
Boletim N.º 58 — Fórças Hidráulicas (Trabalho de 1929) — Esgot do 
Boletim, N.º 65 — Fórcas Hidráulicas (Trabalho de 1930) — Esgotado 


DA DIVISÃO DE AGUAS 


Anuário Fluviométrico N.º 1 — Bacia do Rio Grande (Até 1938) — Engenheiro Tasso 
Costa Rodrigues — Esgotado. : 
Anuário Fluviométrica N.º 2 — Bacia do Rio Grande (1939 e 1910) — Engenheiro Tasso 
Costa Rodrigues — Esgotado. | I. I. 1. 1. k L ud 
Anuário Fluviométrico N.^ 3 — Bacia do Rio (Doce (Até 1941) — Engenheiros Tasso 
Cosa Rodrigues e Mário da Costa Mendes — Esgotado, 
Anuário Fluviométrico N.º 4 — Bacia do Rio Paraíba (Até 1942) — Engenheiro Rai- 
mundo Francisco Ribeiro Filho — Esgotado. 


Anuário Fluviemeétrico N.º 5 — Bacia dos Rios Itapicuru, Inhambupe, Jequiricá, Contas, 


Pardo, Jequitinhonha e Mucuri (Até 1945) — Engenheiros Alvaro Hermano 
da Silva e Newton Vacarezra Cordeiro — Esgotado. 
Anuário Fluviométrico N.º 6 — Bacia do Rio Sto Francisco (Até 1942) — Engenheiros 
‘Tasso Costa Rodrigues, Jaime Martins de Souza e Mário da Costa Mendes, 
Anuário Fluviométrico N.º 7 — Bacia do Rio Doce (1942 а 1944) — Engenheiro Mário 
da Costa Mendes. 
Boletim Fluviométrico N.º 8 — Bacia do Rio Grande (194 la 1945) — Engenheiros 
Mário da Costa Mendes e Geraldo Teixeira de Souza. 
Boletim Fluviométrico Nº 9 — Bacia do Rio Uruguai — Dados do Rio Ibirapuitã (Até 
1949) — Engenheiro José Aluizio Gomes Maia. 
Boletim Fluviométrico N.º 10 — Bacia do Rio Doce (1945 a 1949) — Engenheiros Маго 
da Costa Mendes, Geraldo Teixeira de Souza e José Maria da Costa Fernandes, 


Boletim Fluviométrico N.º It — Bacia do Rio Paraíba. Dados do Rio Préto — Piaba: 
nha — (No prelo). 
Boletim Fluviométrico N.º 12 — Bacia do Paranaiba — (No prelo). 


Boletim Nº 1 — Utilização de Energia Elétrica no Brasil (Até 1984) — Esgotado, 
Boletim N.º 1-A — Fôrças Hidráulicas (1940) — Esgotado, 

Boletim N.º 2 — Utilização de Energia Elétrica no Brasil (Até 1941) — Esgotado. 
Boletim Nº 3 — Fòrças Hidráulicas (Trabalhos de 1931). 

Boletim N.º 4 — Fòrças Hidráulicas (Prabalhos de 1932 a 1943). 

Boletim N.º 5 — Atlas Pluviométrico do Brasil. 

Boletim N.º 6 — Fórças Hidráulicas — (No prelo). 


Avubo Nº | — Energia Hidráulica no Brasil, Engenheiro Antnóio José Alves de So... 
— Esgotado. 

Avulso Nº 2 — A Necessidade e as Dificuldades da Fiscalização das Indústrias de Ele: 
tricidade, Engenheiro Adozindo Magalhães de Oliveira -- Esgotado. 
~ O Codigo de Aguas, Engenheiro Antônio José Alves de Souza. 
Avulso N.º Apreciação sóbre o Código de Águas, Engenheiro Antônio José Alves 
Avulso Nº 5 — Classificação de Cursos d'Água. 
Avulso Nº 6 — Uma Câmara Acrofotogramétrica Nacional, Engenheiro Megálvio € 
Silva Rodrigues, 


Avulso Nº 


te ue 
1 
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contra as inundações, Engenheiro Francisco de Moraes Vieira, 
— Justificação do Principio do Custo Histórico, tradução pelo Engenheiro 
Antônio José Alves de Souza. 


T — Sugestões para uma Aute-Projeto de defesa da cidade de Petrópolis 
^ B 


DIVERSOS 


Relatório de Serviço de Aguas (1930), Engenheiro António José Alves de Souza —- Es 
gotado. 

Contribuição para o Estudo Hidrométrico do Paraiba do Sul, Parte 11, Engenheiro 
Francisco Eugenio Magarinos ‘Torres. 

Relato dos “Trabalhos Preliminares feitos na Bacia do Ribeirão do Quartel, Engenheiro 
Francisco Eugénio Magarinos Tórres. 

Relato ‘da Visita às Obras de Defesa contra as Inundações em Poços de Caldas, Enge- 
nheiro Francisco Eugênio Magarinos Tórres. 

Relatório | dos Delegados do Brasil à 3.^ Conferência Mundial de Energia, Engenheiro 
Antônio José Alves de Souza e Megálvio da Silva Rodrigues. 

Frequência! das Inundações de Rio ltajal-Acu, Engenheiro Abel Diniz Mascarenhas — 
Esgotado. 

Código de Aguas e Leis Subsequentes. 

Conservação do Solo, tradução pelo Engenheiro Antônio. José Alves de Souza. 

Elementos sòbre о Regime dos rios na bacia do Guaíba, Engenheiro Júlio Oto Teodoro 
Lohmann — Esgotado. 

i 


Е 
' 
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CONFERÉNCIA MUNDIAL DA ENERGIA Título 2 
WORLD POWER CONFERENCE Assunto 2.1 


REUNIAO PARCIAL 
SECTIONAL MEETING BROWN (M.J.) 
Rio de Janeiro — 1954 Brasil 


ADVANCED SWITCHGEAR PRACTICES 
EMPLOYED BY PAULO AFONSO PROJECT 


By M. J. BROWN 


BRAZILIAN NATIONAL COMMITTEE 


The Paulo Afonso Project has the unique problem ol developing 
а vast source of hydro-electric power at а location hundreds of miles 
from the consuming public. Two long lines connect the inland power 
generating area with its principal loads at the coastal towns of Recife 
and Salvador. The North Line to Recile is 405 kilometers (250 miles) 
long and the South Line to Salvador is 456 kilometers (285 miles) long. 
Both of these are to be operated at 220 KV and each has a tap station 
at about the midway point. 

Operating problems are encountered due to the high charging curr- 
ents taken by these lines at 220 KV. The unusual length is a problem 
100, for the transmission ol carrier current, because it introduces high 
losses. Another major consideration i» the interrupting requirements that 
must he met by the circuit breakers at the transmitting end of these lines 
when the project i» expanded. to its ultimate capacity of 900,000 kW. 

The application of control, relaying, power line carrier equipment 
and circuit breakers resulted in some interesting features on the initial 
phase of the project. Outstanding examples are as follows: 


1. The high voltage breakers are suitable for conversion to a design 
that will provide single pole tripping and reclosing. The ultimate 
size of the project will demand breaker interrupting capacities of 
5,000,000 kVa; the breakers can be modified to provide this capacity. 
When the ultimate size of the project is reached, the operation of 
the system will benefit measurably by selective phase relaying and 
single pole breaker tripping and reclosing. 


2. Single sideband power line carrier apparatus is used to provide reli. 
able operation through the high attenuation of these long lines. 


3. The carrierpilot relaying system uses an audio frequency channel 
over the single sideband carrier channel. ‘This is a unique version 
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of the pilot channel required for relaying and it is used because it 
is a means of obtaining a high ratio of signal to: noise. The relaying 
system can be altered in the future to provide selective pole tripping 
and reclosing. 


1. Semi-automatic control of the switching for the synchronous machi- 
nes permits fast and simple operating procedures at the receiving 
stations. 

1 


5. The substation switchboards are of the duplex tunnel type. At the 
Paulo Afonso station a control desk type duplex benchboard is used. 
i 
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Fig. 1 — Single line diagram of aystem. 
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6. АП 15 KV class switching uses modern metal саа switchgear with 
drawout air breakers. | 
All station service and battery switchgear: uses modern low voltage 
metal enclosed switchgear. | 
THE 220 КУ AND 60 KV LINE CIRCUIT BREAKERS 
'The system. arrangement, Figure 1, shows how the North Line con- 
nects the Paulo Afonso Plant to Recife and] how the South Line con- 
nects it to Salvador. The double bus system at Paulo Afonso provides 
a tie breaker that may be used on either. line when the normal line 
breaker is out of service for maintenance. Thus there are three breakers 
at Paulo Afonso that may be used as terminal breakers on the two lines. 
At the substations, however, no breakers are used in the 220 KV circuits. 
Consequently, line switching must be done [with low voltage breakers 
at these locations. 


Fig. 2 -— Photograph of the 230 КМ line breaker. 
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Coordination between the initial and ultimate operations at Paulo 
Afonso powerhouse is reflected. in the high voltage breaker ratings. The 
five initial units are identical, being rated at 800 amperes, 230/196. KV. | 
The line breakers will in the future be converted to operate as single 
pole tripping and closing units, Although they have separate pole units, 
they are initially operated by one mechanism as a three pole breaker. 

Modifications of the breakers can be made which will raise the in- 
terrupting capacity From 3,500,000 kVa to 5,000,000 kVa. This is planned 
ata later date when the project is expanded towards its ultimate capacity. 


t 


Fig. 3 — Photograph of the 69 kV line breaker. 


The initial design with 3,500,000. kVa interrupting capacity will clear 
8800 amperes in three cycles. The ultimate of 5,000,000 kVa will raise: 
the current value to 12,500 amperes. The reclosing time will be 20 cycles, 
on i 00 cycle base, 

The breakers use multillow "Deion Grid". interrupters insuring 
short arcing tine, reduced are energy. low maintenance and high inter- 
rupting capacity, Bushings are of the condenser type, providing man 
mum mechanical anual electrical strength with minimum sie and weight: 
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Metal and porcelain enclosure gives complete protection under all weather 
conditions. The closing mechanisms аге pneumatically operated using а 
design that is mechanically and electrically trip free allowing unrestrained 
opening under all conditions. 

At Paquesira and Itabaiana, the tap stations, 69 KV breakers ave 
used which are eleciro-pneumatically operated, and mechanically апа 
electrically trip free. They are in а frame mounting for outdoor service. 


2222222 
idista 


Fig. 4 — Front view of the Recite control board showing mimic bus. 


A photograph. of the 280 KV line breaker as shown in Figure 2. 


The 60 kV breaker is shown in Figure 3. 
LINE PROTECTIVE RELAYS 


The line protective relaying employs carier distance pilot relays, 
tera sequence product ground relavs and instantaneous overvoltage relays. 
An unusual condition, contributing to overvoltage, exists on the 
system. "The (wo lines leaving the Paulo Alonso Generating. Station 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Len. 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


6 


terminate at two receiving stations, Recife and Salvador. Mt Кене, two 
frequency changer sets connect the 00 cle generating system to the 50 
ode consumer dead. At Salvado, а обале svine hon oa] condenser is 
изе on the receiving bus. Ehe line capacitence is ol such magnitude, 
in each. cases that it is capable of overesciung tbe receiving machines. 
Overvoltage will result H these machines are Loaded with only the charg: 
ing current of the line. Consequentivo relasing and line switching pro- 
vides for the opening of the receiving station machine breaker before 
the generating station Tine breaker is opened. "his is acepmipiivhed bv 
transmitting a signal over the carier channel. 

A similar nipping system ds used) to open the dine breaker at Paulo 
Monso for a tratstoriner fault at û receiving station, there being no line 


Fig. 5 — Rear view of the Recife control board. 


breakers at the later locations. Likewise, carrier tripping) clears power 
feed from the two ends of each line in the event of a transformer fault 
at a tap station. These stations have no line breakers of their own. 
The long distances between Paulo Alonso and the receiving stations 
impose unusual conditions of attenuation upon the carrier channels. 
For this reason, single side band transmission is used. Da obtain the 
necessary selectivity and receiver pain, carrier relaying uses] a 2000. cycle 
audio signal, modulating the single side band equipment. 


SEMI At TOM NTIC CONTROL 


At the receiving stations partial automatic control allows the operator 
to ман the synchronous machines with a minimam of manual. super- 
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vision. A novel system of pole finding uses a pole position generator on 
the shatt of cach syicdironous machine. It provides a (quick and. direct 
means of matching the Gequenes changer pole postiotis anto the DO and 
60 cvcle system phase relationships: Another important. function, is the 
ability of this contol ta find the proper fiele excitation polazitv when 
the receiving station machines are started from the sending end bus, using 
the Hine аз û series reactor, Any attempt. to apply de magnetizing in a 
direction opposite to the ac magnetization would cause undesirable over- 
voltage conditions. Since the ssiclironous condenser at the Salvador Stet- 
ion is line started, it too has pole tinding equipment. 


Fig. 6 — Interior of the Recife control board, taken at the factory, with shipping 
bracea in placo. 


STATION CONTROL SWITCHBOARIDS 


At the Paulo Afonso Plant, the main control board is in the form 
of an operators desk, Minic bus provides means for quick and accurate 
visualization of the sisten. 

Av the substations, duplex tunnel type switchhoards are used. hese 
too employ mimic bus, “Phe convenience ot the duplex switchboard comes 
from the readily employed facility of putting the control switches and 
instrumentation on the front panels and the relays on the rear panels. 
The operator thus faces the most frequently used components апа at 
the same time has access to the relays on the rear of the switchboard, 
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"Phe switchboard for Recife иеа as shown in Figures $5 and t. 
MI EM, CLAD SWITCHGEAR 


Metal chal switibiggeat ds used for all ol the ТА KV ches at switching 
on ihe projet. The bicakers ate ап, drawout type. Ratings extend. to 
the 2600 ui e. 000,000 BNA level, The breaker housings, which ate 
Jig заузета at the Бот, provide facilities for complete inten hange 
ability of the brcakers, as shown in Figure 7. Continuity of service is 


Fig. 7 — 15 kV circuit breaker withdrawn from metal clad switchgear and covers rertoved. 


benefitted by the ease with which breakers may be interchanged during 
inspection. procedures, Components, such as current transformers and bus, 
Figure 8, are readily reached tor inspection, maintenance or extension 
Removable coverplates and barriers provide access to these components. 
Potential transtormers anay be withdrawn to a de-cnergized and grounded 
position lor inspection and replacement of. buses. 
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The breakers themselves, Figure 9, are held to dose dimensional 
tolerances to allow easy interchangeability in the stationary structure. 
The primary di«onnects are a full Hosting design with high pressure 
finger seginents individually sprung in a single retaining gings These 
segments are located on the main studs of the drawout init which per- 
mits convenient inspection and maintenance. Aro chutes of true ceramic 
material provide unusually high resistance to heat shock, 


Fig. 8 — Coverplates removed from metal ciad awitchgear for inspection. 


Vhe “Deion” principle of inteiruptin an aire in air ds illustrated 
in Figure 10. When the arcing contacts separate, an arc is drawn between 
them without the blowout coil caryiag current. Fhe are rises rapidly 
under the influence of the magnetic field created by the bon of the blow- 
out magnet. "his causes the are to impinge on the aning horns, thus 
inserting the blowout coil in series with the aic. 
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crinked in r out and cannot be closed while being «тапс in or out 
of place. The movement of 


the breakers is horizontal апа the crank 
san be casily turned. 


А ground bus connects to all breakers and cells. To promote safety, 
the grounding connection is made before the primary contacts are made. 
When a breaker is either removed to the test position or fully withdrawn, 
а heavy me al shutter closes by gravity over the main stud entry ports, 
completely isolating the live parts in the interior of the cells. Upon 
repositioning the breaker, the shutter automatically opens, 


“The test position of the breakers allows breaker operation while the 
primary contacts are disconnected, The secondary. contacts, connecting 
to the auxiliary switches and ihe breaker closing and tripping coils may 
or may not be connected in the test position at the users discretion. An 


extendable secondary contact. assembly provides this feature, 


—— INSULATION 
BLOWOUT ' - 4 PLATES 
cot N 27 ROS 
RET rer sms 
| А 77111 CHUTE 
4 Po f7 Jacket 
| BLOWOUT~_| | 
MAGNET CORE [~~ 
REAR — | À LAMINATED 
ARCING HORN POLE FACES 
BLADE 
CONNECTOR [=| 
COI. 
CONNECTOR 
eu n p 1 FRONT 
STATIONARY ч Sd ARCING HORN 
CONTACT TN cli 
77 TO Qh=-SHUNT BOLT 
UPPER — | ) 
CRUSHING — SHUNT STRAP 


MOVING ARCING CONTACT mme x 


Arc chute and blowout coil. 


Fig. 10 — Arc chute and blowout coil interrupting an arc. 
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LOW VOLTAGE SWITCHGEAR 


The battery circuits and station service are distributed through a 
switchboard employing manually operated plastic case air circuit. breakers. 
These | breakers, using the “De-ion” principle of arc interruption are 
equipped with thermal and magnetic trip elements, the former providing 
coordinated inverse time tripping and the latter instantaneous tripping 
on overload. Metal enclosures provide dead front construction. 

Distribution to motor loads is made through a control center assembly 
that contains the linestarters. Separate buses for each machine are used 
to supply the linestarters associated with it so that a diversity of supply 
will be available to the separate louds. 
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Teenei ta Campania fette do „3ш frac acy 


praticamente prontas ou em construção, quatro 
А primeira a ser 
incira а ser iniciada lol a de Paulo Afonso. 
Francisco, 


idiosclétiicas subterrâneas. 


ас. determinaram para Paulo Afonso а escolha 


dé isiyo toi o fator económico, isto €, 0 mesmo 


justiticou а dilusño do tipo, messes últimos апоу, 
lo; particular na EF. штора 


rates do primneiro 


А 1 
exemplo no Brasil e tambén de um dos primeiros exemplos em tódas 


as Aérien, Û пап 


surgido discussões sabre 


eupação era motiviki 


vagões subterráneas. mor 


ч 
а 


apresentar ми pt сла, mas 


grandemente as incerta 
pequena probuncdidade 


que, quando o projeto loi divulgado, tenham: 
oportunidade do tipo escolhido. A maior preo- 
receio de diticuldades construtivas. AS esca- 
me quando de grande vão, podem „лирге 
um cuidadoso estudo prévio do terreno reduz 


ais; | no Nossa Caso particular, a „ drea € it 


поті ts pelas CV; асосу permitio хе concentrar 


num espaco relativamente pequeno um estudo altamente eliciente. Hoje. 
Hagsivel aii que as previsões а favor do tipo 
"тайах, no sentido de que as diliculdades encon- 


concluidas аз obras, ¢ 
subterrânco foram con 
tradas não [oram ай 


com о planejamento pr 


limites orcacos, post 
largamente: justificados 
obras, dos salários e dé 

Julgamos então qt 
métodos de escivacio 
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Do projeto geral do aproveitumente das quedas de Paulo Ало 
ideado pelo diretor técnico da CHESF. engenheiro Octavio Marcondes 
Ferraz, destacamos a figuia 1, que representa o sistema Ча aiducio, casa 
“das n iquinas e descarga. A própria При €, pos si, explicativa ma dis 
Posição e nas dimensões dos singulos elementos, e dispensa uma descrição 
minton; descrição, aliis que se encontra па monogratia apresentada 
pelo próprio Dr, Marcondes Ferraz, lodos о» elementos: pocos autores 
(ТА, LB, 1€), сиза das nuiquinas, túneis de sucção, chiiiiné de equi- 
díbrio (poço 3), túnel de descarga, pocos de acesso (poco 2 e poco 4) re 
Presentam, em conjunto, 70 000 metros cúbicos de escavação. Não É muito, 
se comiderarmos a imporiáncia € a multiplicidade dos elementos dt obra 
a que ése volume se refere АПА, um simples exaine da figura 1 rnostra 


à oestraordinária compacidade do conjunto, compacidade que se traduz 
Tatalinente em. baixo custo de obras por KW instalado, 


Na sona de Paulo „Моно aflora uma possante Jomacio pranitica; 
o maciço principal do granito € cortado por uma iéde de veios de sic 
nio esco, € 0 todo é entrecortado por uma segunda rede de veios inais 
delgados de pegmatito e aplito, A лире allorante, submetida à ri- 
porosi ação atmosdérica do sertão noidestino, apresentase fortemente. tra 
шиги nela 


io recanhieciveis três chicos de lendilhanento grosseira 
mente normas entre si, sendo à mais importante aquela em plano quise 
vertical, paralelo до eixo do cimon, primeira impressio а respeito da 
compacidade da rocha toi pouco aniinadora, amas uim estudo cuidadoso 
din condições locas nos Jevon i conclusões mais otimistas. Pouco dis 
tante do local dà casa das máquinas existe uma parede vertical de ums 
70 metros de altra que cai хоре um des braços „eli i da ca 
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dhocira; tratase da parede leste do Cerra Pelado, сија formação с devida 
a um desmoronamento relativamente recente provocado pela ação erosiva 
da cachocira agindo na sua base. Esta purede é um grande corte vertical 
do maciço rochoso e dá шпа idéia hastunte Favorável da sua estrutura 
interna, Notunos também a falta total de vestígios de ¿gua ao longo do 
barranco do canion, mesmo durante as enchentes, quando são invadidos 
pelas адил» todos os braços do rio que se encontram a montante em cota 
beim mab alta € a pequena distância horizontal; fomos assim induzidos 
а pensar na quase nnpemicabilidade do terreno € na pouca probabili- 
dade de encontrar fendas mais ou menos abertas. Enlim, a interpretacá 
das numerosas sondagem efetuadas confirmor as nosas observacd 
nos convenceu da possibilidade de realizar em profundidade esc 
de grande vão sem ou quise sen necessidade de escoramento. Conside- 
ramos então eliminados os principais Laróres que podium desaconselbar 
a solução subterránea. As (nes considerações sobre a natureza da 
rocha animaram o projetista a orientar os vários elementos obedecendo 
unicamente a motivos de ordem hidráulica, desprezando тоса preocupa- 
cio que podia ser sugerida pela orientação dos principais planos de den- 
dilhamento da rocha, | 


avacoes 


Sempre levando ein coma is características fisieas da roc ha, foi pre. 
Visto o seguinte tipo de couture concreto armado para a estabilidade 
delinitiva do teto e das paredes Ча саха das máquinas. Рага o teto, uma 
série «е arcos parabolicos com. alastamento máximo de 3 metros entre 
es eixos, com ОЛО m. de Tagura e altura. variável de 1,20 nt no fécho ate 
1,70 n nas imipostas, apoiados sabre duas vigas longitudinais com dimen- 
sio de l. 70 m por 0,60 im; esas vigas distribuem: a reação dos arcos sobre 
a vocha e à esta são ancoradas com bartas de ago de uma polegada chin- 
badas com cimento em furos de um metro de protundidade. Para as pa 
redes, vna série de pilares nos mesmos planos verticais dos arcos, com 
0/10 11 no sentido paralelo ао eixo longitudinal da usina e com dimensão 
minima, no outro sentido, de 0,50 in, acompanhando ау inieguliiridades 
ба тоспа; os pilares, de metro em metro, são ancorados na tocha com 
barras de aco de uma polegada chumbadas em furos de 2,350 de pro- 
lundidade, e sobem até encostar nes areas. As “igas рага ах pontes ro- 
lantes, com dimensão de 0,50 m por 1,00 1, apokan sobre consolos en- 
gastados nos pilares e, atiavés dos mesmos pilares, sto ancovadas na rocha 
сот В barras de aco de uma polegada chumbadas em duros de 4.80 m de 
comprimento. Os cálculos estáticos da esbutira foram elaborados pelo 
Prol. “Pelémaco Van Langendonck. 


Além da consolidação das paredes realizada pelos pilares, nos painéis 
entre os pilares a rocha foi injetada com cimento em furos de 210m de 
profundidade, sob à pressão de cem libras. 


En dos fatóres básicos que inlluenciarun e pleno geral das esava- 
es depende do tato de esti, durante boa parie do ano, parcial ou total: 


€ 
mente submersa а bóca de saida do túnel de descarga, não podendo 
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ma flu- 


ser utilizada para a retirada do mater escavado, A m 
tuação do nivel digua entre estiagem e enchente € ai prevista em 32 
metros e o limite máximo рага uma enchente excepcional (cota 168) in- 
dica que a quase totalidade do material escavado deve ser elevada, mesmo 
ideando caminhos auxiliares de saída. Assim excluido o ataque princi- 
pal pela cota inferior do sistema, foi previsto o ataque pelos putos 2 e 3. 


Estes dois pocos foram atacados »nultàncamente, de cima para baixo, 
em seção plena (6,50m de diâmetro), com avanços de 240m em cada 
fogo. O material escavado foi retirado com um único “derrick” servindo 
os dois poços. O poço 2 foi escavado até à cota 137,50 e o poço 3 até 


P3CALA 


à coti 131,50, Em cada poco loi insilado um elevador capaz de elevar 
dois vagonetes de um metro cúbico em cada viagem, realizando uma 
viagem, inclusive carga e des args, em tres minutos, O material elevado 
сга despejado eim. silos e dai levado à сепа de britagem. 

Partindo do poco 2, toram abertas duas galerias horizontais ao longo 
do eixo longitudinal da « das máquinas; uma. a superior, na cota 
159,50, à segunda па cota 018,62; estas duas galerias borum ligadas entre 
si furando très poços verticais locados nos. eixos dos grupos geradores, 
Partindo do poco 3, lot itacado, do lado de juste o túnel de de rga 
: do lado de montante toram 


abrindo uma galeria inferior na cota 132 
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abertas duas galerias ligando o poço 3 à casa das máquinas, sendo uma, 
à superior, na cota 138,62, a segunda na cota 132,57. “Tódas as cotas 
referem-se: ao trilho das linhas Decauville, 
| Conseguimos assim, na cota 188,62, uma réde de linhas como mos- 
i tra a fig. 2; os vagonetes procedentes do túnel de descarga eram encami- 
nhados diretamente ao elevador 3; os vagonetes procedentes dos ramos 
| horizontais da adução 1 A, 1 B, 1 C, e das bócas inferiores dos trés pocos 
: abertos nos eixos dos grupos, destinados ésses a receber a quase totali- 
dade do desmonte da casa das máquinas, podiam ser encaminhados indi- 
ferentemente ao elevador 2 ou ao 3, utilizando ao máximo a instalação 
dle elevação. | 

Enquadrado assim o plano geral, vamos agora considerar o sistema 
adotado para escavar as diver partes. 

A escavação da саа das máquinas em cota superior a 159,50 foi 
feita alargando a galeria anteriormente aberta na mesma cota ao longo 
do eixo longitudinal. Em primeiro lugar foi elevado o teto até à cota 

‚ do extradorso dos arcos de sustentação; foram feitos depois os slarga- 
mentos laterais, De acórdo com a previsão, apesar da existência de algu- 
mas fendas, foi possivel, sem usar escoramento, alargar tóda а zona Ча 

i abóbada по vão de 20 metros necessário à concretagem das vigas de apoio 

e dos arcos. Vigas € arcos foram concretados logo depois de concluido o 
alargamento, lançando o concreto em parte com ar comprimido е em 
parte com bomba. 


O desmonte da casa das máquinas entre a cota 159,50 e a cota 138,62 
foi feito abrindo e alargando uma cratera ao redor de cada um dos trés 
poços verticais abertos anteriormente ao longo dos eixos dos grupos ge- 
radores; ésses poços funcionavam como silos, despejando o material, atra- 
vés de bic; s móveis aplicadas às bocas inferiores, nos vagonetes estacio- 
nados na galeria inferior, Al ngando as crateras o limite perimetral da 
“Casa das máquinas, а esc o era levada verticalmente de cima para 
хо, até аргитаг uma faixa de 5 metros de altura abaixo da viga de 

apoio dos arcos; а esse ponto procediase à concretagem do segmento su- 
eo perior dos pilares, inclusive оз consolos para as vigas das pontes rolantes 
e us próprias vigas. A [fase descrita está represent: na figura 3. Le- 
vando adiante o desmonte, continuamos a adotar ésse sistema de con- 
cretar os pilares em segmentos à medida que, de cima para baixo, era 
aprumada шпа nova faixa de parede. Conseguimos assim dois resulta- 
dos: quando avançávimos para baixo aprumando as paredes, a parte 
superior já estava consolidada pelos pilares: apressamos à montagem das 
nO pontes rolantes, sendo essas postas sobre as vigas antes que a escavação 
e os pilares: fóssem concluídos até às suas bises. 


A escavação dos ramos horizontais da adução TA, 18, IC, e dos 
ramos curvos foi feita partindo da gale longitudinal ao longo da casa 
das máquinas na cota 138,62. A primeira fase. consistiu em avançar na 
“ parte inferior da seção alternando os logos com a retirada do material 
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desmontado; a segunda fase em desmontar a parte superior da 
partindo da curva e dirigindo-se à galeria longitudinal, com suce 
continua de fogos, deixando o material no local, sendo que os operários 
trabalhavam na furação pisando sòbre o material desmontado; a terceira 
fase consistiu na retirada, em sucessão continua, do material desmontado. 

Adotando um sistema igual ao precedente, foi escavado o tinel de 
descarga em quase tóda à sua extensão, deixando só um delgado dia 
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frama na extremidade de jusante para evitar а invasão pela água do 
rio. O túnel de descarga foi revestido com concreto simples, concr 
tando em primeiro lugar a parte inferior e em seguida as partes laterais 
e o fecho; nesta segunda operação foram usadas formas metálicas em 
elementos deslociveis com 5 metros de comprimento. O concreto [oi 
confeccionado no próprio túnel e lançado com bomba nas partes laterais 


e com ar comprimido no fécho. 
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avação na “das máquinas nas cotas inferiores 138,62 Toi 
feita retirando o material desmontado pelo elevador do poço 3. Durante 
essa operação o elevador do poço 2 já tinha sido removido e já tivhamos 
em funcionamento a ponte rolante externa destinada а descer as máqui- 
nas pelo poco 2, e as pontes rolantes internas. Isto nos auxiliou bas. 
tante em todas as operações de concretagem e de acabamento do com- 
plicado sistema de valas, pocos e nichos existente na parte inferior da 
A sa das máquinas, inclusive o delicado preparo das formas e a concre- 
i | tagem dos blocos de sucção das turbinas. 


| Todas as operações descritas foram levadas a cabo em trabalho con- 
| tinue, com 3 turmas de 8 ho por dia, à clas reservando а precedénc 
| na disponibilidade de mão-de-obra e de equipamento. Os outros ele- 

mentos da obra, isto б, ramos verticais ТА, TB, FC, da adução, poco +, 

túneis de sucção das turbinas no trecho entre a сиза das máquinas e 

chaminé de equilibrio, obras na bóca de saida do túnel de descarga, 

foram executadas mais ou menos espaçudamente durante todo о prazo 

de construção do grosso das obras, em ritmo mais ou menos acelerado 
i de acòrdo com a oportunidade e a conveniência do momento. Os poços 
ГА. IB. EG, servidos por um único “derrick”, foram executados de cima 
para baixo em pasos de 2,10 m em cada fogo, em seção plena de 6 metros 
de diâmetro, deixando asim uma eypesura minima de 0,60m para o 
revestimento. O poço 4 foi escavado, também em seção plena, parte de 
cima para baixo e parte, partindo di casa das máquinas de baixo para 
cima; as paredes déste poço toram injetadas € revestidas. Os túneis de 
sucgao entre a cas das máquinas e a chamine de equilibrio foram ini- 
ciados depois de concluida a consolidação da parede da casa das mi- 
quinas do lado da descarga € à concretagem dos blocos de sucção das 
turbinas; forum concluidos em trés etapas de escavação e imediata con- 
cretagem, Nas obras па boca de saida do túnel de descarga foi possivel 
trabalhar sómente durante их estiagens; mesmo assim, foi neces rio dei 
Nar um dique de tocha ao longo do rio e os trabalhos desenvolveram-se 
a céu aberto entre éste dique e o «аата deixado na extremidade de 
jusante do túnel de des Ru еме dialrama foi desmontado na ultima 
Otagem, na iminência da montagem das comportas de saida: montadas 
85 comportas, não restou que desmontar o delgado dique до longo do rio. 


Ultima operação de ex aviação subterrânea loi o alargamento do poço 
5 até alcançar as climensóes previstas para a chaminé de equilíbrio; 
retirado o elevador do poro 3, 0 material desmontado no alargamento 
é retirado com um “derrick” pela boca do mesmo poço. 

As escavações suplementares destinadas a auxiliar а realização do 
апо peral foram de pequena entidade; toram elis a porção do poco 2 
abaixo da cota 150 que doi entulhada com blocos de ped 


а e masa de 
cimento, e um pequeno volume da galeria na cota 138,62 entre а cas 
das máquinas со poco 3, que doi concretado juntamente com а abóbada 
do túnel de sucção da turbina central. 
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vacio Torun usadas brocas de aço com 
ропа de carbureto de tungstênio solidária com а haste, na escala 800 
milimetros de comprimento por 34 de largura, 1600 por 33, 2109 por 32, 
3209 por ЗІ, 4800 por 30. As brocas eram acionadas por martelos pneu- 
máticos leves com injeção de água, mimobrados, nos furos horizontais € 
nos verticais de baixo para cima, com o auxilio do avanço pneumático. 
No granito de Paulo Afonso tivemos uma velocidade média de penetr 
ção. incluindo o tempo gasto nas substituições das brocas e nas paradas 
inevitáveis, da ordem de 8 metros por hora em furo vertical de cima par: 
baixo e de 6 metros em furo horizontal e vertical de baixo para chma; 
a máxima velocidade instantánea alcançou 22 centimetros por minuto; 
antes de ser refugada où destinada a ser- 


Em tódas as operações de e 


cada broca furou em média 
viços de menor responsabilidade, 100 metros de furo, 


Usamos explosivo de fabricação nacional, de várias qualidades; na 
maior parte nitrato de imónea 62%, com um gasto médio de 0,75 kg 
por metro cúbico de rocha. As explosões foram provocadas com espo- 
letas de tempo detonadas elétricumente. 

Para o transporte do material desmontado usamos vagonetes do tipo 
Decauville, reforcados, com a capacidade de um metro cúbico. O carre- 
gamento foi feito usando carregadeiras mecánicas. 


central de ar comprimido foram instalados 5 compresores de 
105 pés cúbicos por minuto. 


А ventiligio foi garantida instalando 2 ventiladores, um na bóca do 
poco 2 e um па boca do poco 3, а corrente de ay reversivel, com a ce 
pacidade cada con de 10 metros cúbicos por segundo. 

As inliltracóes de agua forame mínimas; а maior parte da vasto, ve- 
calcada por uma pequena bombi instidada no tunlo do poco 3 e outra 
vo fundo do poco 2, eia. proveniente da água injetada nos martelos 
pneumáticos em operação nas numerosas frentes de desmonte. 


A pedido da Diretoria Técnica de CHESF, fonan realizadas. várias 
provas de mediki de deformações de rocha. Estas expesiências foram 
planejadas preparadas e realizadas pelos técnicos do Instituto de Pes. 
quisas Tecnológicas de Sio Paulo. coim insauimnentos ideados e realizados 
pelo mesmo Instituto. A primeira série de provas determinou ау detor- 
macdes em cámaras cilíndricas escavadas em prolundidade na rocha e 
submetidas a pressões hidráulicas de varias intensidades: a Inixima de- 
formação registiada doi de 0,37 записе, no sentido de wmn dinnetra 
vertical, sob a pressão de 16 kg por centimetre quadiado numa cámara 
cilindrica horizontal com o difunetro médio de 2,30 m. Uma segunda 
série de provas doi бена com o dine dz medir as deformações da rocha 
libertandost das pressões intiinsecas; estis. provas boram feitas nas paredes 
da galeria escavada na cota 138,62, isto &. sob лина capa de recobrimento 
de den de 75 menos de rodha. A mista extensio vertficotese no 
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sentido' vertical entre dois pontos afastados de 254 milimetros g foi de 
6,15 milímetros, Os resultados de todas essas experiências foram ¡valiosos 
para о projetista no cálculo do revestimento dos poços adiutores. 


As obras descritas constituem a primeira etapa de Paulo Alonso; nas 
duas extremidades da casa das máquinas deixamos embocados os túneis 
de ligação com casas das máquinas previstas рага as etapas Tuturas 
Estas cabem, tódas no mesmo alinhamento da existente, no grande mas. 
siço entre o chamado Poco Verde e o Сето Pelado. Podiamos ter ima- 
ginado de instalar tódas as máquinas noma única usina de grande com- 
primento; por motivos de segurança, em vitude da locução parcela ao 
canion e a não grande afastamento do mesmo, paralela também aa prin- 
cipal plano de fendilhamento da rocha, preferimos imaginas em vários 
grupos instalados em várias usinas, deixando entre elas blocos de ter- 
reno virgem atravessados por um túnel de ligação de pequena seção, 


Esperamos que esta relação posa ser de alguma utilidade para os 
que realizarão as etapas futuras de Paulo Afonso no progressivo apro- 
veitamento daquele grande cabedal de energia; e, como contribuição ao 
estudo de novos aproveitamentos, insistimos ein notar que a experiência 
de Paulo Alonso veio confirmar que, desde que um cuidadoso l estudo 
prévio dé suficientes garantias sóbre a nauneza do terreno, а préocupa- 
cão de diticuldades construtivas e de conseqüentes. desagradáveis surpré- 
Bas DOS. Custos e nos prazos, não deve constituir fator dominante contrário 
à solução subterrán 


Risusto 


escolha do tipo subterráneo para а usina de Paulo Afomo foi 
devida principalmente a motivos econômicos, pois o principal fatór con- 
trio, isto б, a preocupação de diliculdades construtivas, toi consitlerado 
inexistente depois de une cuidadoso estado do terreno, A tealidade con- 
Hirmou as previsões. A inonogratin descreve os métodos de сха 
concretagem adotados e rel dados sobre equipiunento, materiais|e pro 
vas de сатра sObre a тоспа, 


SUMMARS 


The choice of the subsoit for the Paulo Alonso Power House has 
been dictated principally Гог economical reasons, because the most serious 
opposition, represented by the preoccupation of the constructive. diffi- 
culties, wis considered inexisient alter a very сагера study ol the ground, 
‘These forecasts. were contirmed bv the realty. The monography des- 
cribes the adopted excavation methods and relates notices on the equip- 
ment, materials and charge essays on the rack, 
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ИП 
RÉSUMÉ 


Le choix du type souterrain pour la céntral de Paulo Afonso fut 
adopté ‘principalement pour dés motifs économiques, parce que ce qui 
pouvait être consideré le plus important point contre-indiqué, c'est-à-dire 
la préoccupation des difficultés de construction, fut considéré nul après 
des études bien sérieuses du terrain. La réalité à confirmé ces previsions. 
La monographie décrit les méthodes d'excavation adoptées, et relate 
quelques données sur l'équipement, les matériaux et les essais de charge 
sur la roche. 
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CONFERÉNCIA MUNDIAL DA ENERGIA CUNT 
WORLD POWER CONFERENCE i É 


REUNIÃO PARCIAL 
SECTIONAL MEETING " LOPES (L.) 
Rie de Janeiro — 1054 Brasil 


PLANO DE ELETRIFICACAO DO ESTADO 

DE MINAS GERAIS COMO PARTE DE 

UM. PLANO DE DESENVOLVIMENTO 
ECONOMICO REGIONAL 


Por LUCAS LOPES 


Presidents das Centrais Elétricas de Minas Gerais 


COMITÉ NACIONAL BRASILEIRO 


O Estado de Minas Gerais. um dos mais importantes do Brasil, eco- 
nómica e politicamente, com uma área equivalente à da França, está em- 
penhado num plano de eletrificação estatal, concebido como base de um 
programa econômico geral para melhor aproveitamento das suas abun- 
dantes riquezas minerais. Os problemas e as soluções investigadas re- 
fletem situações bastante freqüentes em regiões sub-desenvolvidas. 


1 


O Estado de Minas Gerais (293.810 km?) ocupa uma região de 
planaltos e de montanhas. ao Norte da área mais desenvolvida do Brasil, 
que se estende do Rio de Janeiro para o Sul. Foi povoado no periodo co- 
lonial por ondas de imigrantes, que sc localizaram nos distritos de mine- 
ração de ouro e diamantes, cedo descobertos e explorados pelos portu- 
guéses. Ао se esgotarem as mais ricas reservas de minerais preciosos, 
de caráter aluvionar, iniciou-se o ciclo lento da ocupação agricola. Nesse 
periodo, enquanto por um lado a criação de grandes rebanhos bovinos 
contribuia para a dispersão dos habitantes por quase toda a região, a 
cultura do café criava, por outro lado, condições para uma maior concen- 
tração de população no Sul e Sudoeste. 

O Estado tem clima favorável. pois a elevação do território (média 
600 metros) corrige em grande parte as temperaturas elevadas das baixas 
latitudes e o regime de chuvas é satisfatório. Como, entretanto, não 
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possui grandes áreas continuas de boas terras agricolas, mas uma multidão 
de pequenas áreas de bons solos, o panorama da ocupação humana se 
definiu no aparecimento de grande número de pequenas cidades e vilas 
e em larga dispersão de populações agricolas. 


Novo fator veio alterar-lhe o quadro econômico. quando com o de- 
senvolvimento do Pais se valorizaram as suas enormes reservas mincrais, 
especialmente de ferro, manganês, calcáreo, cristal, mica, bauxita, pirita, 
etc., que se localizam nas áreas centrais em tórno de sua Capital, Belo 
Horizonte, 


A exportação dêsses minerais e a criação de indústrias locais de 
processamento tornaram-se o objetivo lógico para um desenvolvimento 
econômico equilibrado do Estado. 


Contra o rápido surto de industrialização da riqueza mineral, atua- 
vam entretanto os seguintes fatóres, principais: falta de combustiveis 
fósseis; deficiência e mãs condições técnicas das vias de transporte exis- 
tentes, que atravessam regiões montanhosas: dispersão de população présa 
às atividades agricolas; baixo indice de formação do capital e acentuada 
migração de capitais locais para áreas mais próximas do litoral, tais como 
as cidades do Rio de Janciro e São Paulo. 


Visande a criar condições favoráveis ao desenvolvimento industrial, 
vem o Govérno do Estado dispendendo vltimamente grandes esforcos em 
dois setores básicos — energia elétrica e transportes — que constituem 
fatóres de estrangulamento econômico quando deficientes, e fatóres de 
germinação económica quando adequados. 


H 


A indústria da eletricidade no Estado de Minas ainda se caracteriza 
por grande nümero de pequenas usinas, predominantemente hidraulicas, 
y servindo a cidades isoladas, indústrias ou pequenas vilas. Quando se ela- 
borou em 1949 o Plano de Eletrificação atualmente em curso, existiam 
439 usinas, abastecendo 688 localidades e operadas por 359 entidades 
distintas, A capacidade instalada era de 205 000 kW, conduzindo a uma 
capacidade média por usina de 462 KW e à uma capacidade média por 
localidade servida de. aproximadamente, 300 kW. Sendo a população do 
Estado, então, de cérca de 8 milhões de habitantes, a capacidade insta- 
lada, per capita era da ordem de 25 watts apenas. 


Além destas, existia um total de 3 400 pequenas usinas rurais. abas- 
tecendo fazendas e distritos, com uma capacidade global de 11 500 kW, 
constituidas na sua maioria de pequenos grupos hidroelétricos, que apro- 
“eitavam as abundantes quedas d'água dos riachos que descem das en- 
costas montanhosas. 
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A esta dispersão fisica das usinas correspondia uma dispersão ope- 
rativa da industria, revelada pelo fato de que as 439 usinas existentes 
eram operadas por 359 entidades diversas — privadas ou municipais — 
com a média de 1,2 usina e 570 kW por entidade. 

Аз maiores indüstrias do Estado haviam construido usinas elétricas 
próprias, para suprirem a deficiéncia das emprésas concessionarias locais. 

omo é natural, tão grande dispersão da indústria conduziu à diver- 
sidade de caracteristicas técnicas da energia distribuida. Cêrca de 57/2 
das usinas de mais de 1 000 kW operam em 60 ciclos, enquanto que os 
restantes 43% operam em 50 ciclos, notando-se também enorme diversi- 
dade nas tensões de transmissão e distribuição. 


III 


Desde 1940 o Govérno do Estado comecou a participar da industria 
da eletricidade, construindo algumzs usinas pequenas (1 000 a 3 900 
kW). com a finalidade de fomentar o desenvolvimento de regiões de inte- 
résse, em que uma obra hidroelétrica se conjugou а um programa de fo- 
mento, à produção agricola e ao turismo. Em 1940 inaugurou-se projeto 
de maior vulto: uma obra hidroelétrica se conjugou ao plano da criação 
de uma cidade industrial. Visando a incentivar a criação de indústrias e 
localizá-las segundo um projeto urbanistico preconcebido, construiu o Es- 
tado a Usina do Gafanhoto (13000 kW), a 80 km, Oeste da cidade de 
Belo Horizonte, e junto a essa Capital criou um núcleo industrial satélite, 
provido de água, comunicações. urbanização, etc., cuja extensa área é ce- 
dida em lotes aos industriais, na base de arrendamento perpétuo. 

Esse projeto obteve notável êxito. Na Cidade Industrial de Belo 
Horizonte se instalaram dezenas de indústrias diversas, tais como as de 
cimento, refratários, tecidos. vagões ferroviários, etc., esgotando-se ràpi- 
damente a capacidade da Usina do Gafanhoto. 

O feliz resultado deste empreendimento, aliado aos reflexos em Mi- 
nas Gerais do surto econômico (principalmente industrial) ocorrido em 
todo o Brasil após a segunda guerra mundial. sugeriu a elaboração de um 
amplo estudo da economia do Estado como base de um plano de eletrifi- 
cação de maior amplitude. 

Sóbre os fundamentos de detalhada investigação da geografia eco- 
nômica e humana, e das tendências demográficas e econômicas regionais, 
foi tentado um zoneamento industrial, em que se destacaram as áreas de 
maior vocação para a criação de indústrias e desenvolvimento urbano. 
Para essas áreas foram feitas estimativas de consumos energéticos e es- 
boços preliminares dos sistemas elétricos indispensáveis ao seu desenvol- 
vimento econômico. 

A fig. 1 mostra, em relação ao sistema ferroviário existente. as prin- 
cipais áreas de tendência industrial do Estado de Minas e regiões vizinhas. 
classificadas pela natureza das indústrias predominantes. Essa figura sin- 
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tetiza os resulta 
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dos dos estudos procedidos na definição geográfica das 


áreas a serem atendidas com prioridade no Plano de Eletrificação do 
Estado. Neste|plano se destaca a região central de Minas (em tórno de 


Belo Horizonte) 
suprimento de e 


A investiga 
sicas no que diz 
ação mais posit 
que havia grant 
por deficiência 


+ onde se executam no momento as principais obras de 
nergia elétrica, conforme se vera adiante. 


IV 


ção econômica mencionada levou a duas conclusões bá- 
respeito à indústria da eletricidade. A primeira foi a de 
iva e direta do ovêrno no campo da eletrificação. que 
es áreas de marcada tendência industrial estranguladas 
€ suprimento de energia; a segunda, a de que a indüstria 


existente nào tinha recursos financeiros para se expandir na escala dese- 


jada e criar font 


es pioneiras de energia. Tornava-se pois necessária uma 


ação mais positiva e direta do Govérno no campo da eletrificação. que 
não se limitasse apenas a planejamentos e recomendações técnicas. 


Ao justifica 
panhias de econ 
de capitalização 


ro projeto da lei que iria autorizar o Estado a criar com- 
omia mista de eletricidade e instituir um fundo especial 
, O Governador Juscelino Kubitschek definiu as linhas 


gerais da politica a ser seguida. em um trecho da Mensagem ao Legislativo 


do Estado em 1 


952 que é reproduzido a seguir: 


“1 O Govêrno de Minas reconhece que, na fase atual de desen- 


volvimento do E 


stado, é indispensável o crescimento rápido'e racional da 


indústria de energia elétrica, devendo o Govêrno incentivar a iniciativa 
privada e suplementá-la ou substituí-la quando deficiente ou inexistente. 


Reconhece, por 
no сатро da ele 


conseguinte, como de interésse püblico, sua intervenção 
rificação c julga que esta se deve enquadrar na estrutura 


do Plano Nacional de Eletrificação. 
2 — Reconhece, também, não ser suficiente que um plano de ele- 
trificação para regiões pouco desenvolvidas se baseie na extrapolação das 


tendências ess de consumo de energia. As dimensóes e os para- 


metros de um s 
pela função que 
do potencial eco 


stema elétrico que se proiete, devem ser determinados 
ésse sistema possa vir a ter no desenvolvimento global 
mico da região. 


3 — Reconhece que esta politica de intervenção exigirá a aplicação 


de métodos dive 
Objetivo do sup. 
Govérno definir 
prazos determin: 
seus objetivos, se 
namental. Uma 
objetivos definid 
de conseqüéncias 


os em regióes diferentes do Estado, para se atingir ao 
mento adequado de energia elétrica: e que é dever o 
com objetividade as obras que pretende executar em 
dos, para que a iniciativa privada possa também fixar 
m o risco de perturbações por parte da iniciativa gover- 
política de intervenção do Estado, sem a fixação de 
s, é um clemento de inibição para a iniciativa privada, 
funestas. 
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Fig. 1 — Áreas de marcada tendência industrial no Estado de Minas Gerais — 
regiões vizinhas. 
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à — Reconhece mais que a técnica moderna de eletrificação acon- 
selha a criação de grandes sistemas de usinas interligadas, com a con- 
centração du produção de energia em grandes unidades. operadas sob 
normas de coordenação que ofereçam o máximo rendimento econômico; 
e não sendo possivel no momento criar € operar um único sistema em todo 
© território do Estado, deve o Govérno procurar estruturar sistemas re- 
gionais. capazes de interligação futura. Para isto, deve agir no sentido 
de oue sejam uniformizadas as caracteristicas técnicas de energia gerada 
€ distribuida, através da padronização de ciclagem e de tensões de trans- 


missão e distribuição. bem como especificados os equipamentos para um 
trabalho paralelo. 


5 — Nas áreas de maior desenvolvimento. onde ja existem sistemas 
elétricos de iniciativa privada, deve o Estado atuar no sentido de que 
sc integrem nos sistemas regionais os serviços isolados de prepriedade 
privada ou municipal, agindo como fiador. no sentido de que essa inte- 
gracáo se faqa em beneficio coletivo. Nessas areas a atuacao direta do 
Estado se deve restringir à construção e operação de grandes usinas e 
linhas de transmissão, vendendo energia aos sistemas de distribuição de 
propriedade privada ou municipal, para revenda aos consumidores. Essas 
usinas. cuja construção só se justificará. quando а regido necessitar de 
grandes reservas de energia de caráter pioneiro, isto é, de incentivo, de- 
verão ser projetadas рага operar como elemento básico de ligaqio de 
sistemas vizinhos de distribuição, 


6 — Nas regiões menos desenvolvidas, 


onde por algum tempo só 
poderão existir usinas e pequenos 


grupos isolados, a atuação do Estado 
deve restringir-se a auxilios técnicos e facilidades para à obtenção de 
recursos financeiros por parte das emprésas privadas ou municipais, pro- 
videnciando. entretanto, no sentido de que estas unidades isoladas se 
possam, no futuro, integrar em sistemas regionais. 


7 — Reconhecendo o Estado que um dos maiores entraves à exe- 
cução dos sistemas eletricos é a falta de novos capitais; reconhecendo que 
os capitais estrangeiros tendem a condicionar o seu afluxo à existência 
de capitais nacionais que a éles se associem em identidade de riscos: re- 
conhecendo também que não dispõe o Governo de rendas normais sufi- 
cientes para o financiamento da expansão necessária de seus sistemas 
elétricos, julga indispensável atuar no sentido йе criar um clima favorá- 
vel ao investimento, na industria. de energia elétrica, de economias par- 
ticulares ou coletivas. atraves de uma politica tarifária de estimulo à novas 
inversões. bem como no sentido da criação. de fundos de eletrificação, 
para os quais seja solicitada a contribuição dos consumidores, indireta- 
mente, através de taxas especias. e. diretamente, sob а forma de tomada 
de ações ou aquisição de titulos de divida das emprésas de eletricidade. 


& — Reconhece o Estado que. nas oportunidades em que fôr neces- 
sária sua intervenção direta na indústria da eletricidade, deverá organizar 
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entidades nos moldes das sociedades anôuimas, para a operação dos sis- 
temas que construir, e que é seu dever manter órgãos especializados para 
o estudo dos problemas de energia clétrica, capazes de auxiliar as em- 
prêsas estatais e privadas e defender os interésses dos consumidores.” 


I M 


Assim definida uma politica clara de atuação do Govérno do Estado 
na indústria da energia elétrica, foram criadas e organizadas várias com- 
panhias regionais, do tipo das sociedades anônimas. controladas por uma 
: "holding" denominada Centrais Elétricas de Minas Gerais, S.A. — 
CEM. 

A idéia de criar várias companhias regionais independentes. em vez 
de uma apenas, prende-se ao fato de ser mais fácil atrair capitais privados 
nas zonas a serem diretamente servidas por elas. 

A formação do capital dessas companhias se féz mediante a subscri- 
ção, por parte do Estado, da maioria de suas ações, contribuindo os par- 
ticulares (indústrias, bancos e companhias de eletricidade locais) com o 
restante, em proporções variáveis. conforme os recursos de cada região. 

A parte do Estado na formação dêsses capitais provém de uma taxa 
estadual especial, vinculada à CEMIG, que incide sobre vendas e con- 
signações na proporção de 0.3%. Essa taxa foi aprovada pelo Legis- 
lative Estadual para um periodo de 5 anos, prevendo-se porém a sua 
prorrogação até que as companhias estejam em posição financeira de se 
expandirem dentro dos mercados normais de capital. 

Está previsto que, à medida que as emprêsas forem atingindo um 
nivel satisfatório de rentabilidade, as ações do Estado serão progressi- 

е vamente transferidas ao público, a fim de que a importância obtida seja 
reinvertida na expansão dos serviços. 


Esta. previsto também que o Estado não reterá dividendos de suas 
ações, os quais serão reinvertidos nos serviços, com uma quota razoável 
reservada para um fundo de eletrificação rural e para inversões pioneiras 
não remuneráveis na sua fase incipiente. 


VI 


А CEMIG estendera eventualmente suas atividades por todo o Es- 
tado de Minas. Na etapa inicial, entretanto, começou pela região central, 
num raio de cérca de 200 km em tórno da cidade de Belo Horizonte (ver 
Fig. 2). que é a região de maior progresso industrial e onde, devido à 
exuberância das riquezas mincrais, principalmente ferro, mancanés, e 
calcáreo, rápidamente se desenvolve uma concentração de indústrias bà- 
sicas de alto consumo de eletricidade. 
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Desde os fins da última grande guerra, manifestou-se nessa região 
um surto industrial, caracterizado pelo aparecimento de várias indústrias 
metalúrgicas e derivadas. fábricas de cimento, etc., ao mesmo tempo que 
tomou impulso a eletrificação ferroviária. Prevê-se que êste surto seja 
acelerado |por melhoramentos nas ferrovias existentes e pela construção 
de novas rodovias ligando Belo Horizonte aos trés importantes portos de 
Santos, Rio de Janeiro e Vitória. Resultará disso o desenvolvimento in- 
dustrial da região, que demandará um programa de eletrificação intenso, 
empreendido com bastante antecipação das necessidades. 


A região a ser atendida pelo sistema inicial da CEMIG dispõe hoje 
de uma potência total instalada de cérca de 150 000 kW, inteiramente 
esgotada. | Até poucos anos atrás. a carga vinha crescendo de forma mo- 
decada. com um fator de carga anual da ordem de 5052. podendo tal 
crescimento ser atendido por um programa de novas instalações relati- 
vamente modesto. 


Entretanto, com a afluência de industrias eletro-metalúrgicas e a 
adoção da eletricidade para a calefação doméstica, alterou-se completa- 
mente ésse ritmo e não só a carga passot а crescer aos saltos. como o 
fator de carga aumentou consideravelmente. Pelas indüstrias ja em cons- 
trução e jà programadas. estima-se que nos próximos 10 anos o consumo 
nessa regiüo atinja 3 500 000 000 kWh por ano, com uma demanda 
de ordem|de 600 000 kW. 


Paral atender a essa previsão, o programa inicial consiste na cons- 
trução de|4 usinas com uma capacidade instalada total de 170 500 kW, 
e de um reservatório de acumulação estacional, para firmar a capacidade 
da Usinal do Gafanhoto, além de uma rêde básica de linhas de trans- 
missão e sub-estações abaixadoras. 


As usinas e barragens em construção são especificamente as seguin- 
tes, conforme está indicado na Fig. n.º 2: 


1) — Usina hidroelétrica de Salto Grande. a 150 Km Ne de Belo 

Horizonte, no rio Santo Antônio, afluente da margem esquer- 
da do rio Doce, Com uma bacia hidrográfica de 9 200 km” e 
uma queda bruta de 100 m, a Usina terá uma capacidade de 
100 000 kW. Ê a principal obra do programa, não só pela 
sua potência como pela complexidade da obra em si que con- 
siste na construção de duas barragens, de cêrca de 8 300 m de 
túnel, de uma chaminé de equilibrio de uma casa de fórça do 
tipo convencional, para 4 unidades de 25000 kW cada uma. 
Essa obra exigiu a construção de duas estradas de acesso, 
num total de 140 Km. para ligação com as estradas de ferro 
e de rodagem mais próximas. Prevê-se a inauguração dessa 
Usina no segundo semestre de 1955. 
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2) — Usina hidroelétrica de Itutinga. a 170 Km. Sw de Belo Ho- 
rizonte, no Alto Rio Grande, formador do rio Parana c do 
rio da Prata. Com uma bacia hidrografica de 6200 Km? e 
uma queda bruta de 30 m. tera uma capacidade instalada de 
36 000 kW. Trata-se de obra relativamente compacta. con- 
sistindo em uma barragem mista de alvenaria e terra, um 
canal de acesso à tomada d'água e uma casa de fòrça ао tem- 
po. com 3 unidades de 12 000 kW c previsão para uma even- 
tual quarta, cada qual alimentada por um tubo forçado inde- 
pendente. Deverá estar concluida em 1954. 

3) — Мапа hidroelétrica do Piäu. a 170 Km ao Sul de Belo Ho- 
rizonte, no rio Pomba, da bacia do rio Paraiba. Essa usina. 
com uma bacia hidrográfica de 370 km? terá uma queda de 
210 m. com instalação de 27 000 kW em 3 unidades de 9 000 
kW. Ao contrário das demais, ela operará na freqüéncia de 
50 ciclos. visto ter de se enquadrar em sistema local dessa 
freqüéncia, Sua eventual interligação com as demais usinas. 
por meio de estações conversoras de freqüencia, está porém 
prevista. Deverá concluir-se no 2.º semestre de 1954, 

4) — Usina hidroelétrica de Tronqueiras. no rio Tranqueiras, 
afluente do rio Suassui Pequeno, que por sua vez é afluente 
da margem esquerda do rio Doce. Trata-se de um aproveita- 
mento pequeno, de inierésse local, para atender ao abasteci- 
mento da cidade de Governador Valadares. que hã poucos 
anos era simples aldeia e hoje é uma das mais prósperas cida- 
des do Estado. com população avaliada em 40 000 habitan- 
tes. Com bacia hidrográfica de 500 km? ¢ queda bruta de 120 
m, essa Usina terá uma capacidade de 7 500 KW. Sua even- 
tual interligação com o sistema geral também esta prevista. 
Será concluida em 1954. 

5) — Barragem do Cajuru-Reservatório de acumulação estacional, 
de 184 000 000 m úteis, a montante da Usina do Gafanhoto, 
que tem uma capacidade instalada de 13 000 kW, numa queda 
de 30 m. Trata-se de barragem de concreto, de 23 m de al- 
tura e 438 m de comprimento, com pequena ombreira de terra 
na margem esquerda, Esta prevista а instalação futura de 
uma unidade de 10000 KW ао seu pé. Essa obra foi con- 
cluida em 1953. 


Esse programa de obras será executado em duas fases, consistindo 
a primeira na construção de quase tódas as obras hidráulicas e na insta- 
lação de 96 000 kW, dos quais 50 000 KW em Salto Grande, 24 000 kW 
em Itutinga, 18 000 KW em Piáu e 4 000 kW em Tronqueiras, devendo 
seguir-se rapidamente a instalação da capacidade restante prevista. 
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Fig. 2 — O Sistema Elétrico da Cemig e sua zona de influência, 
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Inicialmente as Usinas do Piau с Tronqueiras funcionurão isoladas 
das restantes pelos motivos expostos. As demais, isto é, as Usinas de 
Salto Grande e Itutinga e a existente do Gafanhoto. operarão em siste- 
ma interligado, através de um anel de alta tensão construido em tórno 
da cidade de Belo Horizonte, para onde convergirão as linhas de trans- 


missão principais. ||; 


| 

Apesar da tendência рага a padronização da freqüéncia em 60 ciclos, 
ainda estamos longe! no Brasil. de uma uniformidade, havendo regiões 
importantes, como a da própria Capital do Pais, a cidade do Rio de Ja- 
neiro, onde a frequência je de 50 ciclos. Há casos em que as duas fre- 
quências co-existem em áreas relativamente restritas, como acontece na 
região a ser atravessada pelas linhas da CEMIG. Esta falta de padro- 
nização ocorre também; com as tensões de transmissão, ainda enormemente 
diversificadas no território nacional. inclusive nas zenas de operação da 


CEMIG. | 


| 

Seguindo porém a tendéncia já esboçada no Pais durante os ültimos 
unos, O sistema da CEMIG está sendo construdo para 60 ciclos e com 
tensões de 220 kV, 138 KV e 69 kV para transmissão e sub-transmissáo, e 
13.8 kV para distribuição, de maneira a acelerar a padronização e simpli-, 
ficar a interligação com Sistemas vizinhos. Paralelamente, estão sendo 
feitas, sempre que possivel, alterações nas voltagens das linhas já exis- 
tentes, a fim de reduzir 20 minimo a diversidade de tensões. 


Conforme se vé na Fig. 1. à região de Belo Horizonte está relativa- 
mente próxima dos dois. maiores centros industriais do Brasil, compreen- 
dendo respectivamente, as zonas das cidades do Rio de Janeiro e São 
Paulo; deve-se prever, portanto, num futuro não muito remoio, à inte- 
gração geral dessas áreas num super-sistema elétrico de grande magni- 
tude, Todo o planejaniento da CEMIG está sendo feito. por isso, tendo 
em vista esta eventualidade. 

! i 


ui Summary 
itd 

The State of Minas Gerais, in area equivalent to France and one of 
the most important in | Brazil is carrying out a Plan of Electrification 
conceived as basis of algeneral economic program for development of its 
abundant resources. The problems and solutions investigated are re- 
current in under-developed regions. 


Ы П 
1 — The State (593810 sq. km) extending north of São Paulo and 
west of Rio is located in a mountainous regions that was peopled 
initially by pioneers searching for gold and diamond resources. 
After the exhaustion of these then followed a cycle of agricultural 
occupation and [cattle raising, which. because of the dispersal of 
the good agricultural land caused a spreading of population over 


1 


| 
| 
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a large area, Recently, following the general development of 
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2) Limit itself to the construction and operating of large plants 
H and transmission network and to the wholesaling of power 
to local utilities and large industries. To include initially in the 
program isolated, regional systems. planned for future inter- 
connection. 

3) Since the governments normal resources could not support 
the financing of a large electrification program, create a 
special electrification fund and follow a rate policy that would 

encourage participation of private capital. 


V — Having established the policy above, the State Government or- 
ganized several joint stock corporations controlled by a holding 
company, Centrais Elétricas de Minas Gerais S.“ A — CEMIG. 
The creation of several regional companies was chosen in view 
of the greater facility of obtaining regional private capital. The 
subscription capital of the companies is made largerly by the 
State and in lesser proportion by private organizations (indus- 
tries, banks. local utilities). State funds are obtained through a 
special State sales tax of 0.47 in bond to CEMIG. The State 
shares ит the companies will be progressively transferred to the 
public and the corresponding funds used for expansion. The 
State will apply its dividends in expansion, rural electrification 
and non-rentable services. 


VI — CEMIG will eventually extends its activity over all the State, 
but initially will operate in the central region only in a radius of 
200 km around Belo Horizonte, which is the most progressive 
region. rich in iron, manganese, calcites and other minerals. This 
area has been developing very rappidly since the last world war 
and has now a total installed generating capacity of 150 mW 
entirely loaded up. 

With the new clectrometallurgical loads and other new indus- 

tries in the next 10 years a load of 3500 000 000 kW/yearly 

with a peak load of 600 mW is antecipated. 

The initial program consists of the construction of 4 hydro- 

electric stations totalizing 170 500 kW and a seasonal storage 

reservoir, namely (sce fig 2). 

1) Salto Grande Station ~150 km NE of Belo Horizonte on 
the Santo António river of the Doce river basin. Drainage 
area, 9 200 sq. km. gross head 100 m. capacity 100 mW, It 
includes two dams, 8300 m of tunnel, surge tank and a 
power house with 4-25 mW units. Will operate in the se- 
cond half of 1955. 

2) Itutinga Station — 170 km SW of Belo Horizonte on the 
Rio Grande river of the River Plate basin. Drainage 6 200 
sq. km, gross head 30 m, capacity 36 mW. A compact pro- 
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O stade de Minas Gerais, com uma área equivalente à da França 
vou des mals importantes do Brasil está executando um Plano de Ele- 
tviticação concebido como à base de um prdgrama económico geral para 
o desenvolvimento de seas abundantes recursos naturais. Os problemas 
€ soluções рага ésse fim estudadas car periódicos em regiões sub-desen- 
хамаа, 

| — O Estado (593 810 kin"), extendendo-se do norte de São Paulo 
а oeste do Rio de Janeiro, localiza-se em uma região montanhosa origi- 
nalmente habitada por povos pioneiros à procura de ouro e diamantes, 
Após o esgotamento dessas riquezas naturais, seguiu-se um periodo de 
atividade agricola e criação de gado. Ocupações essas que. em conseqiién- 
cia da dispersão das terras aproveráveis, resultaram па dis ribuição da 
população sóbre grandes areas. Recentemente. sdo tendéncia obser- 
vada em todo o pais, ésse quadro tem evoluid ndo da industriali. 

: ressivo observado по 


Se. mica. eter, 


existentes no Estado. 
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Entretanto, essa tendência para a industrialização tem sido pertur- 
bada pela falta de combustíveis fásseis, deficiência de meios de trans- 
porte, dispersão da população e escassez de capital. Para correção désses 
fatóres, o Estado está ativamente trabalhando em dois planos básicos: 
energia elétrica e transportes. À presente imonografia refere-se ao pri- 
meiro dêsses Planos. | 


H — No momento presente а indüstria da energia elétrica é cons- 
tituida por grande nümero de pequenas usinas hidroelétricas espalhadas 
por todo o Estado. Em 1943, ano em que fai organizado o Plano de Ele- 
trificação atualmente em execução, havia 439 usinas fornecendo energia 
a 688 localidades: sua capacidade total instalada importava em 205 mW, 
ou seja, uma média de 462 kW por usina e 25 watts per capita. Obser- 
va-se também a falta de padronização de voltagem e freqiténcia, 57% 
das usinas operando em 60 c.p.s. e as restantes na de 50 c.p.s. 


i x 

III — O Estado começou a participar, da industria da energia clé- 
trica em 1940, quando construiu a usina hidroelétrica de Gafanhoto, com 
a poténcia del 13 mW, como parte de um programa de fomento de novas 
indüstrias, no geral foi incluido o estabelecimento de um parque industrial 
planificado nas proximidades de Belo Horizonte, a capital do Estado. 
Várias indústrias novas instalaram-se nessa área e absorveram rapida- 
mente a capacidade da referida usina hidroelétrica, o que estimulou o 
Govérno a levar a efeito plano semelhante de maior envergadura, em 
escala estadual, Para êsse fim foram realizados estudos detalhados das 
tendências econômicas das várias regiões e avaliadas as respectivas ne- 
cessidades energéticas, particularmente em relação à potencialidade in- 


dustrial, como ilustra a fig. |. | 


pes | 
IV — Dois fatos foram evidenciados pelos estudos realizados: 1) o 
desenvolvimento de varias regióes extensas estava sendo prejudicado pela 
falta de energia; 2) as emprésas fornecedoras existentes não dispunham 
do apoio financeiro necessário para a indispensável expansão de seus 
sistemas. A vista disso o Govérno decidiu agir diretamente, ao invés de 
se restringir ao planejamento geral e a fazer recomendações. A politica 
a ser adotada riesse novo programa foi exposta pelo Governador do Es- 
tado na mensagem que dirigiu em 1952 à Camara Estadual, cujas direti- 
уаз principais foram as seguintes: | 
ТЕ | 
1) Ex adir as disponibilidades de energia bastante acima das ne- 
cessidades previstas pelo crescimento de carga no passado, a Fim 
de prover, mediante a abundância de energia. condições favorá- 
veis à rápida industrialização. estimulando a iniciativa privada e 
suplementando-a ou a substituindo quando necessário. 


oe ree =. Ai : ; 

2) Limitar a atividade à construção de grandes usinas geradoras e 

rédes de transmissão, e à venda de energia em grosso aos con- 
р ! 
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cessionários locais e às grandes indústrias. Incluir inicialmente 
no programa sistemas regionais isolados imas planejados tendo 
em vista sua futura interligação. 

3) Em virtude de serem os recursos normais do Govérno insuficien- 
tes para suportar o financiamento de um grande plano de eletri- 
ficação, criar um fundo especial para ésse fim e adotar uma poli- 
tica tarifária que estimule a participacao do capital privado. 


V — Estabelecidas as diretivas acima, o Govérno do Estado orga- 
nizou várias sociedades anônimas controladas por uma "holding". Cen- 
trais Elétricas de Minas Gerais S.A. (CEMIG). A criação de varias 
sociedades regionais foi decidida a fim de facilitar a obtenção de capitais 
privados locais. À subscrição do capital foi feita em sua maior parte pelo 
Estado e em proporção menor por organizações privadas (indústrias, 
bancos, concessionários e serviços públicos). Os fundes para a partici- 
pação do Estado resultaram de um impósto estadual especial de 0.454 
sôbre vendas penhorado à CEMIG. Аз ações adquiridas pelo Estado 
serão progressivamente transferidas ao publico, sendo os fundos corres- 
pondentes utilizados na expansão dos sistemas. O Estado aplicará os 
dividendos que lhe couberem à expansão, eletrificação rural e serviços 
sem rendimento. 


VI — A CEMIG estenderá suas atividades, eventualmente, a todo 
o Estado, mas inicialmente operará na região central apenas num raio 
de 200 km em volta de Belo Horizonte, que é a região de maior progresso, 
rica em ferro, manganês, calcites e outros minerais. Essa área tem se 
desenvolvido muito rápidamente desde a última guerra mundial e possui, 
agora, uma capacidade geradora total instalada de 150 mW inteiramen= 
te tomada. 


Com as novas cargas eletrometalúrgicas e as de outras novas indús- 
trias, previu-se para os próximos 10 anos uma necessidade de ...... 
3.500.000.000 kWh anuais com uma carga máxima de 600 mW. 


O programa inicial consiste na construção de 4 usiras hidroelétricas 
totalizando 170 500 kW e um reservatório de acumulação sasonal, a 
saber (veja fig. 2). 


1) Usina cle Salto Grande — à 150 km NE de Belo Horizonte no 
rio Santo. António da Баса do rio Doce. Área de drenagem 
9 200 km“, queda bruta 100 m. capacidade 100 mW. Incluindo 
duas barragens. 8 300 m de túnel, um castelo d'água e uma casa 
de máquinas de fòrça motriz com 4-25 mW unidades. Funcio- 
пага na segunda metade de 1955. 

2) Llsina de Itutinga — а 170 km SO de Bele Horizonte no rio 
Rio Grande da bacia do Rio da Prata. Drenagem 6 200 km?, 
queda bruta 30 m. capacidade 36 mW. Ulm projeto compacto 
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com uma barragem de concreto, um curto canal e uma casa ex- 
terna de máquinas de fórqa motriz com três (possivelmente uma 
eventual quarta) 12 mW unidades. Funcionará no fim de 1954. 

3) Usina de Piáu — a 170 km ao Sul de Belo Horizonte no rio 
Pomba da bacia do rio Paraiba. Area de drenagem 370 kin, 
queda bruta 210 m, capacidade 27 mW com três 9 mW unidades. 
Funcionará no fim de 1954. 

4) Usina de Tronqueires — No rio Tronqueiras da bacia do rio 
Doce, sendo uma pequena usina com capacidade de 7 500 kW 
designada para suprimento local da cidade de Governador Va- 
ladares. Funcionará no fim de 1954. 

5) Barragem de Cajuru — Um reservatório de acumulação sasonal 
concluida em 1953, tem a capacidade de 184 000 m? e firma a 
capacidade da usina de Gafanhoto (13000 kW): 


Ésses projetos serão realizados em duas partes, com a instalação 
inicial de 96 mW a ser seguida. em breve, pela parte restante. As usinas 
de Salto Grande, Itutinga e Gafanhoto serão interconectadas através de 
um circulo de transmissão em volta de Belo Horizonte. 


De acôrdo com a orientação geral no pais. o sistema da CEMIG està 
sendo construido para a freqüéncia de 60 ciclos, voltagens de transmissão 
de 220, 138 e 69 kV, e distribuição primária a 13.8 kV. 


Espera-se que em futuro não muito remoto, o sistema da CEMIG 
será interconectado com os sistemas maiores do Rio de Janeiro e S. Paulo. 


RÉSUMÉ 


L'État de Minas Gerais, dont la superficie est égale à ceile de la 
France, et que est l'un des États les plus importants du Brésil, est en 
train d'exécuter un Plan d'Électrification devant servir de base à un pro- 
gramme économique général pour le développement de ses abondantes 
ressources, Les problêmes et les solutions proposées sont caractéristiques 
des régions sous-développées. 


I — L'État (593,810 km. carrés) s'étend au Nord de São Paulo et à 
l'Ouest de Rio de Janeiro et est situé dans une région montag- 
neuse peuplée d'abord par des pionniers à la recherche d'or et de 
diamants. Aprés l'épuisement de ces richesses, il s'ensuivit un 
cycle d'activité agricole et d'élevage de bétail qui, en vue de la 
grande distance que sépare les régions aptes à l'agriculture, causa 
le dispersement de la population sur une vaste étendue. Récem- 
ment. comme conscquence du développement général du pays, ct 
grâce à l'accroissement progressif de la valeur des grandes res- 
sources de l'État en fer, manganèse, calcite, mica etc., l'industria- 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


s 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


16 


п — 


ш — 


IV — 


lisation a pris le dessus. Cette tendance à Vindustrialisation a 
cependant rencontré des obstacles: le manque de combustibles 
fossiles, l'insuffisance des moyens de transport. la dispersion de 
la population et la rareté des capitaux. Afin: de rémédier à cet 
état de choses, Minas Gerais travaille aujourd'hui activement à 
l'évécution de deux plans basiques: l'énergie électrique et les 
transports. Le présente monographie s'occupe du premier de ces 
plans. 


A présent, l'énergie électrique dans l'État de Minas est fournie 
par plusieurs petites centrales hidroëlectriques três disseminées. 
Lorsque son Plan d'Électrification. en voie d'éxécution. fut ela- 
boré en 1943, il y avait 439 centrales dont dependaient 688 loca- 
lités; la capacité totale installée était de 205 mW, avec une moyen- 
ne de 462 kW par centrale ou à peine 25 watts par habitant. On 
observe également un manque de standardisation des voltages et 
des fréquences: 57% des centrales à 60 c.p.s. et le reste à 50 c.p.s. 


Ce n'est qu'en 1940 que l'État de Minas commenca à développer 
l'industrie électrique. par la construction de la centrale hydro- 
électrique de “Gafanhoto”. de 13 mW, comprise dans un pro- 
gramme de développement de nouvelles industries selon un plan 
industrie] aux environs de Beio Horizonte. Plusieurs industries 
nouvelles s'installèrent dans cette région et absorbérent rapide- 
ment la capacité de la centrale. ce qui encouragea le Gouverne- 
ment à entreprendre l'éxecution d'un plan semblable pour tout 
l'État. Ce plan fut précédé par une enquéte minutieuse sur les 
tendances économiques et les besoins correspondants, en énergie, 
des différentes régions, en particulier celles d'une certaine possi- 
bilité industrielle (fig. 1). 


Lenquéte fit ressortir deux points: (a) le: développement de 
plusieurs vastes régions était entravé par le manque d'électricité; 
(b) les moyens existants n'avaient pas le support financier ca- 
pable d'assurer l'expansion désirée. Le Gouvernement décida, 
comme conséquence, d'entreprendre une action directe au lieu de 
se borner aux projets et recommendations d'ordre général. La 
politique à suivre selon le nouveau programme fut indiquée par le 
Gouverneur de l'État à l'Assemblée Législative de Minas Gerais 
dans son Exposé de 1952, dont voici les principales directives: 


1) Augmenter les ressources en énergie bien au-delá des hesoins 
résultant des tendances de charge du passé, afin de créer, 
par une grande abondance d'énergie disponible. des condi- 
tions attrayantes pour une rapide industrialisation, encoura- 
geant l'entreprise privée, quitte à la compléter ou à la rem- 
plagant en cas de nécessité. : 
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2) Se limiter à la construction ct à l'opération de grandes cen- 
trales et de vastes réseaux de transmission. pour vendre en 
gros l'énergie aux services publics et aux grandes industries. 
Considerer d'abord, dans le programme. des systèmes régio- 
naux isolés, mais projetés en vue d'une ultérieure intercon- 
nection. 


3) Étant donné que les ressources ordinaires du Gouvernement 
ne pourraient pas supporter le financement d'un vaste pro- 
gramme d'électrification, crées un fond spécial d'électrifica- 
tion et adopter pour Ja fixation des tarifs une politique 
capable d'encourager la participation du capital privé. 


D'accord avec cette politique, le Gouvernement de Minas orga- 
nisa plusieurs sociétés d'économie mixte contrólées par une com- 
pagnie "holding", Ja "Centrais Elétricas de Minas Gerais S.A. — 
CEMIG". La création de plusieurs compagnies régionales a été 
adoptée en vue d'une plus grande facilité pour obtenir le capital 
régional privé. Le capital de ces compagnies sera souscrit en plus 
de 50% par l'État, le reste devant provenir d'organisations privées 
(industries, banques, services locaux). Les fonds de l'État seront 
nbtenus au moyen d'un impôt spécial. sur les ventes. de 0,4%, 
en Bons pour la CEMIG. Les actions de l'État dans ces compag- 
nies seront progressivement transférées au public et les fonds cor- 
respondants seront destinés au projet d'expansion. Les profits de 
l'État seront appliqués à l'expansion, à l'électrification rurale et 
à des services non lucratifs, 

La CEMIG étendra éventuellement ses activités au-delà des fron- 
tiéres de l'État, mais elle agira d'abord dans la région centrale, 
sur un rayon de 200 km. autour de Belo Horizonte, la plus deve- 
loppée, riche en fer. en manganese. en calcites et autres mineraux, 
Cette partie de l'État a été développée trés rapidement depuis 
la derniére guerre: elle a maintenant une capacité totale d'énergie 
installée de 150 mW entièrement utilisée. 


Avec les exigences récentes électrométallurgiques et celles 
d'autres industries nouvelles on prévoit pour les dix années à 
venir un besoin de 3.500.000.000 kWh annuels avec ипе pointe 
de charge de 600 mW. 

Le programme initial consiste dans la construction de quatre 
centrales hydroélectriques avec un puissance globale de 170.500 
kW et un réservoir d'accumulation saisonnier (fig. 2). 


1º — Là Centrale de "Salto Grande”, située à 150 km. au NE. 
de Belo Horizonte sur le fleuve Santo Antônio, du bassin du 
fleuve. Doce. Superficie de drainage. 9.200 km. carrés; chute to- 
tale, 100 m.; puissance 100 mW. Elle comprend deux barrages, 


Es 
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8.300 m. de tunnel, un chateau d'eau et une centrale avec 4 grou- 
pes générateurs de 24 mW chaque. L'inauguration de cette cen- 
trale est prévue pour la seconde moitié de 1955. 


2.° — La centrale de "Itutinga", située à 170 km. au S.W. de 
Belo Horizonte, sur le rio Grande, du bassin du rio Prata. Drai- 
nage, 6.200 km. carrés; chute totale, 30 m.; puissance, 36 mW. 
Le projet comprend un déversoir en béton. un court canal et une 
centrale extérieure avec 3 (et éventuellement 4) groupes de 12 
mW chaque. Elle doit entrer en fonctionnement vers la fin de 
1954. 


3.° — La centrale de "Piáu", située à 170 km. au Sud de Belo 
Horizonte, sur le fjeuve Pomba, du bassin du fleuve Paraiba. 
Superficie da drainage. 370 km. carrés; chute 210 m.; puissance, 

27 mW, avec 3 groupes de 9 mW chaque. Elle entręra en fonc- 
tionnement vers la fin de 1954. UC 


4.?. — La centrale de “Tronqueiras”, sur le fleuve Tronqueiras. 
du bassin du rio Doce. Petite centrale de 7.500 kW, destinée 
aux besoins locaux de la mairie de Governador Valadares. Elle 
entrera en fonctionnement à la tin de 1954. 


52 — Le barrage de "Cajurü", réservoir d'accumulation sai- 
sonnier de 184.000 metres cubes, terminé en 1953, ayant pour 
but d'assurer la puissance de la centrale de “Gafanhoto” 


(13.000 kW). 


Ces projets seront construits en deux étapes: l'installation initiale 
e 96 mW, suivie de prés par le reste. "Salto Grande”, “Itutinga” et 
"Gafanhoto" seront reliées par un anneau de transmission tout autour de 
Belo Horizonte. 

Pour suivre la tendance générale du pays, le systéme de la CEMIG 
doptera la fréquence de 60 cycles, et des voltages de transmission de 
20, 138 et 69 kV; la distribution primaire se fera à 13.8 kV. 

On espére que, dans un futur peu éloigné, le svstéme de la CEMIG 
sera relié aux grands systèmes de Rio de Janeiro et de São Paulo. 
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CONFERÉNCIA MUNDIAL DA ENERGIA тше: 
WORLD POWER CONFERENCE Assunto 2.1.1 


NEUGEBAUER (H.) 
REUNIAO PARCIAI. PODSZECK (H.K.) 
SECTIONAL MEETING SCHÓNHAMMER (I.) 
Rio de Janeiro — 1054 Alemanha 


uuu —— 

, TÉLÉPHONIE, TÉLÉMESURE ET 
TÉLÉCOMMANDE DANS LES RÉSEAUX  . 
HAUTE TENSION | 


Par les lng. HERMANN NEUGEBAUER, 
Ing. HEINRICH KARL PODSZECK 
et Ing. KARL SCHONHAMMER 


COMITE NATIONAL DE LA RÉPUBLICA FÉDÉRALE D'ALLEMAGNE 


A) OBJET DE LA "TRANSMISSION : 
А 

П пе lait aucun doute que Та qualité des Haisons de téléconmmunica- 
tion enue les stations qui produisent, répartissent er utilisent l'énergie | 
électrique est determinante, D'une part, Ja sécurité de service du reseau 
et la rapidité avec laquelle les derangements sont supprimés, et d'autre 
part da rentabilité de l'ensemble de l'installation haute tension dépen- 
dent de la coopération. facile et rapide du personnel charge du service | 
et de l'entretien de l'installation réparti sur de vastes territoires. Cette 
étroite coordination ne peut être assurée que par un réseau de commu- 
nication сопмапипеп рге au service. 

Dans les pays où la télécommunication est développée, la question 
de savoir à quel point on peut utiliser le réseau public de communica: 
don des PIT pour le service des réseaux haute tension joue un grand | 
role, Une telle utilisation n'est pas recommandée, Le plus souvent, les 
usines électriques construisent et entretiennent ellesmémes la plus gran- 
de partie de leur réseau de communication, alin que les lignes nécessai- 
res à l'exploitation soient disponibles sans délais d'attent. En méme 
temps, les frais d'acquisition et les [rais courants peuvent. être maintenus 
dans des limites aussi réduites que possible, et le personnel propre des 
usines peut remédier immédiatement aux derangements survenant sur 
les lignes de communication. Sur les parcours secondaires. les lignes des 
PPT sont loudes pour de courtes distances si l'on se trouve dans се cas 
en [ace de conditions favorables au point de vue technique et économique. 


i 
i 
| 
| 
| 


Le 


“a cette bande de fréquences, car Sinon la pénurie d'ondes 


Dans les pays où ke télécommunication en est à son stade primitif, 
le réseau de répartition d'énergie est établi souvent longtemps avant [e 
réseau de télécommunication public, si bien que la question d'utiliser des 
lignes étrangères aux usines électriques n'est pus à débattre. 

Alors que le réseau public de communication comporte entre deux 
points terminaux des forts faisceaux, par exemple des voies téléphoni- 
ques entre les bureaux interurbains de deux grandes villes, on ne nc 
cessite en comparaison que de faibles faisceaux de voies pour les lignes 
de communication entre les stations d'un réseau haute tension ct eu 
présence des mémes distances géographiques. Quelques liaisons télépho- 
niques suffisent, aimi que quelques voies pour la télémesure, le télé- 
comptage ou Та protection du réseau. 


I. Téléphonie et telegraphic 


Le moyen le plus répondu pour la transmission des messages Че tous 
gemes est de loin le téléphone, qui est utilisé egalement de prélérence 
pour le service des usines électriques. Les voies de transmission doivent 
étre appropriées à une exploitation dans les deux directions de пане 
et transmettre une bande de fréquences comprise entre 300 et 2100 cjs 
au moins. Pour la transmission sur des lignes haute tension, on se limite 
istant dans 
la gamme de fréquences étroite disponible serait accrue. Des expériences 
acquises au cours de longues années dans un grand nombre de pitys ont 
montré que, de cette laçon, une exploitation parfaite pouvait étre assurée. 
En cus de lignes zménagées spécialement. pour Ja téléphonie, on utilise 
également une bande de fréquences comprise entre 300 et 5400 СА, 

En plus de Li transmission de la voix, il est nécessaire de transmettre 
d'autres signaux pour l'établissement des communications. Sur les lignes 
secondaires, un appel de 25 cys sullit. Sur les parcours principaux, les 
tronçons désirés sont interconnectés en une liaison à grande distance à 
l'aide d'équipements de sélecteurs commandés. piu des impulsions de sé. 
lection. L'appel vers l'abonné éloigné est déclenché dans le dernier equi. 
pement de cette chaine, Pour La transmision de signaux. de sélection, 


on ne nécessite qu'une voie pour une bande de fréquences sensiblement, 


étroite, du Гай que les signaux émis par le disque d'appel ont une fré- 
quence de 10 impulsions par seconde. Ces impulsions sont. transmises à 
des voies téléphoniques car la sélection précède toujours la conversation, 

La transmission téléphonique «чай timitée en premier lieu à des 
lignes séparées. Peu à peu, s'est constitué um ensemble de réseaux de 
télécomimunication sans préparation préalable d'un plan bien déterminé. 
Pour cette raison, on а rencontre dans la pratique de grandes difficultés 
lors de l'utilisation d'équipements d'ancienne construction. De tels equi. 
pement peuvent bite пайте égalenient. certains inconvénients quant à 
l'établissemeni vapide des liaisons téléphoniques. II importe done de rem- 
placer avec une certaine. largeur de vue les équipements téléphoniques 
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d'ancien inodéle par des équipements modernes sur les parcours princi- 
paux, et de continuer à exploiter les anciens équipements sur les lignes 
secondaires. Seule cette mesure permet d'obtenir les conditions requises 
pour un trafic téléphonique à grande distance. parfait, à travers de nom- 
breux tronçons, en ce qui concerne la transmission des impulsions de 
sélection et la qualité de la transmission de la voix. 


La télégraphie sous forme de téléimprimeurs est un moyen de com- 
munication beaucoup plus récent. que la téléphonie et permet également 
li transmission de messages de tous genres. Cette technique n'a cepen- 
dant pas été encore jusqu'à présent mise à profit dans Ja méme mesure. 
Un personnel instruit spe ement et familiirise avec la manipulation 
d'un clavier de machine à écrire est nécessaire pour la transmission des 
messages par téléimprimeurs. Pour certains types de messages, les télé- 
imprimeurs olfrent malgré tout pour l'exploitation. des usines électri- 
ques de grands avantages en comparaison de la téléphonie, si bien que 
l'introduction des téléimprimeurs s'accroit de plus en plus. 


Les voies de transmission pour la télégraphie doivent également бїгє 
appropriées à un service dans les deux directions de walic, mais elles 
sont prévues pour une bande de fréquences relativement étroite par rap- 
port à la téléphonie. Les téléimprimeurs lonctionnent d'apres l'alphabet 
international No. 2 avec une vitesse de 7 signes par seconde environ. Une 
voie de transmission de ВО c/s de large sullit. 

Pour des raisons économiques, un réseau de téléimprimeurs propre 
au service d'une usine d'énergie. électrique ne peut pas cue aménagé 
dur tous les parcours avec des voies de transmision exclusivement. réser- 
vies à la télégraphie, C'est pourquoi l'un exploite très souvent les liaisons 
téléphoniques et de icléimprimeurs sur les mêmes voies de transmission. 
On distingue les abonnés téléphoniques et de téléimprimeurs à l'aide de 
numéros d'appel différents, et Fon utilise rarement les téléimprimeurs 
pendant les heures de tralic intense du réseau téléphonique, seulement 
pour la transmission de messages brefs mais importants, et pour ce motif 
écrits. Par contre, les téléimprimeurs sont utilisés dans les heures de Faible 
пай pour de longs messages пе présentant pis une grande urgence, et 
transmis autant que posible à l'aide de transimetteurs automatiques. 

L'établissement d'une Vision entre téléimprimeurs à taide d'impul- 
sions de séléction s'effectue de la méme facon gue pour une liaison té 
phonique. ' 


le- 


2. Télémnesure et télécomptage 


Ма télémesure et de télécomptage de valeurs électriques représentent 
une transmission de messages spéciaux n'olirane d'intérét que pour les 
réseaux de distribution d'énergie. Aussi hien pour la telémesure, c'est-à- 
dire pour la télétransmission de valeurs momentances, telles que puissance, 
courant, tension, ctc. que pour le télécomptage (télétransmission de 
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valeurs d'énergie transportée), les voies de transmission ne sont exploitées 
que dans une direction de trafic, à savoir de l'émetteur vers le récepteur. 
La largeur de la bande de fréquences à transmettre depend pour la télé- 
mesure du principe utilisé, cesti-dire des valeurs auxiliaires dans les 
quelles les valeurs de mesure sont transformées au lieu d'émission pour 
la télétransmission, Les procédés par impulsions à fréquence réduite sont 
réalisables avec des voies à bande étroite que sont prévues en général pour 
des raisons d'uniformité, avec une largeur de bande cde 80 c/s comme pour 
les voies de teléimprüneurs, D'autres méthodes de télemesure qui utili- 
sent comme valeur auxiliaire une fréquence variable dans de grandes 
limites ou des impulsions à fréquence plus élevée exigent des bandes de 
fréquences plus larges. En règle générale, on menvisage cependant au- 
cun systeme de télémesure dont le besoin en fréquences surpasse la largeur 
de bande d'une voie téléphonique, alin de pouvoir utiliser un schéma 
de fréquences uniforme pour les voies téléphoniques et tes voies de télé- 
mesure. 


Pour le télécomptage, on n'utilise en général que des impulsions 
comme valeur auxiliaire pour lo transmission, chaque impulsion corres- 
pondant à une quantité détermince des unites de mesure à compter, 

Des erreurs de transmission dans les systèmes de télémesure par- 
viennent au récepteur aussi longtemps qu'un dérangement existe. Dans 
les systemes de télécomptage par contre, les erreurs. provenant de dóran- 
gements de transmission s'additionnent dans les stations de réception 
pendant toute une période d'enregistrement. C'est pourquoi les voies 
de télécomptage requièrent une protection beaucoup plus sévère contre 
les erreurs de transmission que les voies de télémesure. 


La télétransmission de valeurs de mesure et de comptage crée la 
possibilite d'additionner dans un poste de contróle les valeurs provenant 
de points trés éloignés les uns des autres. Les sommes obtenues permettent 
de se rendre compte constamment de la répartition de l'énergie dans le 
réseau. Afin d'éviter. des informations. erronées résultant. du manque 
d'un terme de Та somme au lieu de réception, les termes des sommes 
télėtransmis sont surveillés en permanence par des équipements. iutoma- 
tiques dans de elles installations enregisticuscs. 


з. Teélécomuande et tetéreplage 


Mets que la téléphonie ei Та télégraphie n'asurent dans l'exploita- 
tion du réseau que les liaisons entre te personnel, te télémesure et le té 
comptage communiquent au poste de contrôle du répartiteur de charge 
à travers de grandes distances Les valeurs mesurées et comptées en perma- 
nence sans exiger la présence d'un opérateur au lieu d'émission. Pour 
un répartiteur de: charge, un équipement téléphonique et un équipement 
de télémesure sulfisent, si les postes de contrôle éloignés disposent de 
personnel charge d'exécuter tes ordres donnés; La téléconnnande permet 
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en plus d'exécuter sans personnel toutes les opérations de connexion 
dans les postes éloignés et de transmettre les informations nécessaires vers 
le répartiteur de charge. Le téléréglage consiste par exemple en un action- 
nement direct du régulateur des machines sans intervention de personnel. 

La télécommande ainsi que le téléréglage représentent ainsi des pro- 
cessus, pour lesquels des erreurs de transmission. pourraient occasionner 
directement un actionnement erroné. des équipements à courant fort. 
Ain d'éviter absolument de telles erreurs, les équipements de télécom- 
mande et de téléréglage sont toujours prévus de teile façon que, en cas 
d'un dérangement dans la transmission, les équipements à courant fort 
ne soient pas actionnés et que les processus de commande et de réglage 
ne puissent agir qu'après la suppression du dérangement. 

Le répartiteur. de. charge disposé d'un grand nombre de moyens au- 
xiliaires qui ont été créés pour donner un aperçu rapide de l'état d'un 
réseau étendu, tels que schémas symboliques du réseau, installations en- 
registreuses de valeurs de mesure, etc. 

Toutefois, l'activité de l'opérateur du répartiteur de charge doit ¿tre 
limitée, car celui-ci serait surchargé de travail et perdrait toute impression 
d'ensemble sur un réseau étendu. La télécommande doit par conséquent 
étre toujours réservée dans son utilisation à des secteurs lacilement con- 
trólables d'un réseau haute tension. Les opérations de connexion sont 
exécutées à partir cle plusieurs répartiteurs de charge de district. Pour le 
téléréglage раг contre, aucun personnel n'intervient, si bien que de telles 
restrictions ne sont pas à considérer. 

Les voies de télécommande sont toujours prévues pour une exploita- 
tion dans les deux directions de trafic. Dans une direction, on transmet 
la commande, dans l'autre direction des informations concernant l'exé- 
cution de la commande. Des informations peuvent être également trans- 
bes sans opération de commande préalable. Le téléréglage consiste par- 
à transmettre. certaines valeurs de mesure, les récepteurs de mesure 
agissant sur un régulateur aménagé au ieu de réglage. Dans ce cas, on 
ne nécessite qu'une direction de transmission. Si la machine d'une station 
éloignée est commandée, il faut prévoir deux directions de transmission, 
l'une pour le réglage, l'autre pour la transmission du résultat du réglage. 


f, Protection die réseau 


La télécommande consiste en général û exécuter à une grande dis 
tance dans Vespace de quelques secondes, le processus de connexion 
désiré. La protection du réseau doit garantir la déconnexion des come 
mutateurs de puissance haute tension en quelques fractions de seconde, 
aux extrémités d'une ligne à courant triphasé défectueuse, sans linter- 
vention de personnel. 

“La protection: du réseau est assurée en grande partie par des jeux 
de relais de protection modernes qui sont raccordés aux jeux de trans- 
formateurs de mesure aux extrémités des lignes, sans que des signaux 
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doivent etre transmis ente les extrémités des lignes. S'il s'agit cependant 
d'aménager une protection de lonctionnement particulièrement rapide 
devant déconnecter avec ш mème rapidité: des défertuosités un point 
quelconque de la ligne, l'installation normale doit être complétée par 
un dispositif de protection rapide, On nécessite alors des voies de trans- 
mission entre les points extremes de la ligne à protéger. En cas normal, 
cc sont des voies à fréquences. porteuses sur les lignes haute tension. 


Ces voies de transmission sont exploitées dans les deux directions de 
с. П est souvent rationnel de les combiner avec les voies de trans- 
mission téléphoniques. Pendant la brève période de transmission des 
signaux de protection, on peut déconnecter les liaisons. tél éphoniques, ce 
qui ne dérange pas les interlocuteurs. En cas de transmission à tréquen- 
ces porteuses, on obtient ainsi ипе grande sécurité contre tes derange- 


ments de transmission qui peuvent survenir par suite du dérangement 
de Та ligne haute tension, g 


B) LES VOIES DE "TRANSMISSION 


Dillérents movens se présentent pour Та transmission des MESURES 
que nous avons exposée diess, Le moyen Je plus simple et utilisé 
souvent ем représenté par des lignes en lils prévues seulement pour la 
transmision des messages. Ges lignes peuvent étre des câbles ou des lignes 
aériennes qui sont exploités à l'aide des moyens connus de télécommu- 
nication, tout en soulignant le lait que ces lignes sont influences par les 
lignes à courant fort situées dans leur vobinage, et que des mesures de 
protection appropriées sont à prendre dans ce cas. Les lignes peuvent 

< etre envisagées pour За transmission de Messages а l'aide d'équipements à 
fréquences porteuses, car elles présentent de très bonnes propriétés de 
transmission pour ces trequences. Cette solution est adoptée trés souvent, 
de sorte que da plas grande partie de toutes les voies de communication 
utilisent les lignes à courant fort. 

П existe en plus des cas pour lesquels une transmission raclio-élec- 
trique parait plus favorable. A l'encontre des autres moyens de trans 
mission, il existe alors la possibilité d'un trafic onmidirectionnel. Des 
faisceaux de voies de communication entre deux ou plusieurs points peu- 
vent étre aménagés également à l'aide de liaisons herviennes en insérant 
éventuellement des stations relais. 


1. Lignes de communication spéciales 


Si la transmission des messages doit ¿ue indépendante de l'état. des 
lignes haute tension, il est recommande d'utiliser | 
envisage alors dans ce but des cables ou des lignes acriennes. En raison 
des frais élevés à couvrir pour les mão, on prévoit de preference. la sus- 
pension des câbles aériens et des lignes aériennes aux mats de la ligne 
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haute tension . Des cábles souterrains peuvent être poses aussi bien le 
long des! lignes haute tension qu'à distance de celles-ci. Toutes ces lignes 
sont plus ou moins influencées par les lignes haute tension. Il en-résul- 
te des perturbations dans les lignes et. un risque de danger pour les 
lignes, ett les équipements de télécommunication qui v sont raccordés 
ainsi quezpour le personnel de service. Des mesures de protection. doi- 
vent par, gonséguent Etre pr ises, 
| 


Се opt les lignes iennes qui subissent. le plus l'influence des 
lignes haute tension, à savoir l'influence du chip électrique et du champ 
magnétique] de ces dernières. Le champ electrique provoque une tension 
transversale en cas d'asymetrie des capacitances partielles des deus con- 
ducteurs [dins la ligne de télécomimunication.: Le champ magnétique in- 
duit une tension longitudinale. On parle d'une perturbation de la ligne 
de télécom: unication si la tension psophometrique est supérieure à 10 
mV à Геки mite de la ligne, et d'un danger si ka ligne recoit une tension 
de crête supérieure à 300 V contre terre. Min de maintenir ta tension 
psophométrique dans des limites réduites, des mesures spéciales doivent 
étre pripes ant tout donque les lignes sont posées sur des mães haute 
tension. 

: La ili gne à courant triphasé doit Cure mansférée, Cest-a-dire que la 
i place dm Cónducteurs des 3 phases doit être échangée а des intervalles 
réguliers; alin d'améliorer lu symétrie de ta ligne à courant triphasé. De 
| plus, les cdiducteurs de la ligne cle télécommunication doivent бїгє eroi- 
$ sés à des! intervalles réguliers, le plan de croisement et le plan de trims- 
position tella ligne à courant triphasé devant être adaptés. Un service 
| ае satisfaisant avec des tensions de service allant jusqu'à 60 EV 
р doit éuei réalisable, en reypectant. les conditions suivantes: un, intervalle 
minimu ni tle 2 mètres par exemple, entre ke ligne à courant fort. et Та 
ligue de ielécommuniz “lion, en tenant compte de la Heche masimum, une 
limite de Bu en pour da distance entre les deux [ils de Та ligne de télé. 
conan ication, une grande exactitude de construction pour les deux 
lignes, ||| | 
Du ait! qu'il existe toujours pour les lignes posées sur les mães haute 
tension, le danger d'un contact direct entre la ligne de telécommunica- 
tion et la ligne haute tension par suite d'une rupture de ligne, des me- 
sures spi tales sont à prendre. On connecte en premier lieu aux extré- 
mités à Gi ligne de télécomnunication une bobine d'écoulement эш 
rigue, puis ides. paratoudres, des fusibles et linzlement un translorinateur 
de protection isolé tortement entre l'emoulement primaire et l'enroulc- 
ment se rondaire, Fig. l. 


Min de pouvoir eflectuer une sélection sur de telles ligues verrouil- 
les раг si transformateurs de protection, une sélection inductive est à 
envisage) | 

la Apart du temps une seule conversation. ВЕ peut avoir lieu sur 


ГАН! 
de telles lignes. Si l'on. nécessite cependant. plusieurs voies téléphoniques, 
on peut ſilement exploite les équipements téléphoniques à fréquences 
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porteuses à 3 voies développés pour les lignes aériennes des PTT. Aprés 
de nombreuses mesures effectuées sur de telles lignes, on n'a constaté 
que des tensions psophométriques relativement réduites dans la bande 
de fréquences comprise entre 4 er 32 kc/s occupée par de tels équipe- 
ments à fréquences porteuses. 

Les systèmes à fréquences porteuses transmettent 3 voies téléphoni- 
ques avec une largeur de bande BF de 0.3 à 3,1 keys et un écart récipro- 
que de'4 kc/s entre les porteurs. La bande comprise entre 4 et 16 ke/s 
est occupée dans une des directions, la bande comprise entre 20 et 32 ke/s 
est occupée dans la direction opposée. Le niveau d'émission par voie au 
début de la ligne aérienne est de + 2 F. Putténuation maximum admis 
sible de 4 N en règle générale. 


Du fait que les transformateurs de protection ont une trop grande 
attenuation pour les fréquences porteuses, il [aut connecter sur le coté 
ligne du transformateur, un aiguillage comprenant un filtre passe-bas 
pour La; transmission BF et un tiltre pusse-hauc pour les voies de porteurs, 
L'aiguillage est protégé par les fusibles et les paraloudies déjà mention. 
nés ci-dessus, Ses éléments de construction, en particulier les. condensa 
teurs Чи filtre pasehaut doivent étre dimensionhes pour une tension 
de 5 ei ЛО KV, car ceux-ci om pour fonction de bloquer la haute tension. 


П est recommandé de se limiter à un système à 3 voies, car la bande 
de fréquences supérieure 50 ke/s doit être réservée pour le système à cou. 
rants porteurs sur lignes haute tension. 


Pour les tensions de service supérieures а 60 KV, il taut envisager 
des lignes de communication en cable, Le champ électrique des lignes 
haute tension. est alors écranté par 1а gaine des cables, et des perturba 
tions ne sont induites que par le champ magnétique. Sila ligne de tele. 
communication doit suivre Je méme trace que la ligne haute tension, le 
‘ble peut être posé comme cible souterrain on suspenda comme cable 
aérien sur les imáts de la ligne haute tension. On utilise dans la plupart 
de cas des câbles aériens à autocsiispension qui ont été exploités avanta 
geusemeht. comme cable parsfoudre, La gaine du cable sert alors à la 
dérivation des coups de foudre éventuels. Si le tracé de la ligne de tele. 
communication est établi à distance de la iigne haute tension, les cables 
sont poses en règle générale comme cables souterrains. 


La protection assurée par la gaine du cible et lu torsion. des conduc- 
teurs de, câbles, maintient le plus souvent les perturbations dans des 
limites admisibles. "Toutelois une tension présentant des risques peut 
exister sur les Lignes de communication, par suite de mise à Ja terre acci- 
dentelle de Ja ligne haute tension. On répartit alors souvent les circuits 
de iélécomimunication par des transformateurs insérés le long du parcours, 
La tension longitudinale dangereuse peut ёте également réduite par 
l'armature appropriée de la gaine du cable. Si de grandes distances cdoi- 
vent être franchies il est recommandé de pupiniser des lignes. Seules 
des conversations BF peuvent être établies sur des lignes pupinisces. mais 
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on économise des amplificateurs intermédiaires dont les tubes peuvent 
être une source de dérangements. D'un autre côté, la pupinisation Гай 
augmenter le temps de propagation dans Та voie de transmission, si bien 
qu'une exploitation de lignes pupinisces sur des grandes distances en 
vue de la protection du réseau ne peut pas être envisigée, | 

Si de forts faisceaux de lignes sont exigés, comme cest le cas pour 
(importants réseaux haute tension, il est recommandé de poser des cà- 
bles non pupinisés qui permettent l'exploitation d'équipements. télépho- 
niques multiplex à Iréquences porteuses, par exemple avec 6 ou [2 voies 


LI MM 


Fig. 1 — Uquipement de protection pour une ligne aérienne contre danger de surtension 
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dans chaque direction et pour cheque paire de conducteur. Il est recom- 
mandé alors de veiller à ce que Ja tension longitudinale induite soit ré- 
duite en établissant le tracé des câbles à une distance aussi grande que 
possible de la ligne haute tension, ainsi que par une armature suffisante 
de la gaine du cable afin que, à part les iransformateurs de terminaison 
de ligne dans les stations terminales et les stations intermédiaires, aucun 
autre transformateur ne soit à insérer dans la ligne. , 
On utilise également dans ce cas des équipements téléphoniques à 
fréquences porteuses, tels qu'ils sont en service pour les administrations 
des PTT à travers des cábles svmétriques non pupinisés. Comme exem- 
ple, nous mentionnons le système à 19 voies pour une exploitation à 2 
Fils sur cibles qui transmet dans la gamme de fréquences comprise entre 
6 et 54 kejs dans une direction ec dans la gamme comprise entre 60 et 
108 ke/s dans l'autre direction, 12 voies téléphoniques avec un écart de 
fréquence de 4 ke/s. La largeur de bande BF s'étend de 0,3 à ЗА kc/s. 
Le niveau d'émission au début de la ligne est en général dans ce cas de 
+ 05 N a l]auénuation maximum admissible sans amplificateur inter- 
inediaire de 6 N environ, En cas d'atténuations plus élevées, des stations 
de répéteurs doivent être insérées & une distance 30 à 60 km environ. 
suivant Je diamètre des conducteurs utilisés et l'isolement du cable, 


2. Lignes haute tension 


La bande de fréquences utilisable pour lu transmission. des messa- 
ge sur les lignes haute tension est détérminge par des prescriptions ofli- 
cielles dans de nombreux pa et couvre souvent une gamme comprise 
entre 50 et 300 ke/s environ. Cette gamme est en méme temps 1а plus 
favorable au point de vue technique. 

1 beau temps. la courbe de l'auénuuion des lignes par rapport 
à da fréquence suit une loi radicale en raison des pertes de déisvation 
réduites. L'atténüation. kilométrique d'une ligne de 100 KV est, pour 
300 Ke fs, de 12 à 15 m km suivant le système de couplage utilisé. Pii 
mauvais temps, en particulier par temps de givre, Vatténuation augmente 
en présence de fréquences élevées. Son allure pur rapport à Та [iéquence 
se rapprodie alors plutôt d'une loi linéaire. 

Pour la transmission. on utilise souvent. seulement un conducteur 
d'un système à courant triphasé et la terre comme ligne de retour. On 
parle alors de couplage unililaire. Pour ce geme de couplage, Сем la 
valeur d'atténuation la. plus élevée indiquée ci-dessus qui est valable, Mal- 
gré tout le couplage unililaire est le plus employé, du fait que les équipe- 
ments de conpláge alors nécessaires offre la solution la plus économique. 
Si Fon utilise deux conducteurs d'un sème À courant. triphasé, on 
parle de couplage bililaire et оп obtient alors une attenuation réduite, 
mes les trais requis se montent au double Des. conditions semblables 
existent pour le couplage dit intermédiaire qui utilise un conducteur de 
deux systèmes д courant triphasé monté sur le meme mát, 
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E i Les systémes à fréquences porteuses sont couplés sur les lignes haute + 
tension à laide de condensateurs avec une capacité de 1000 à 4000 pF 
environ, lesquels doivent ètre dimensionnés pour la pleine tension de | 
service. | 

jı Plus la capacité des condensateurs de couplage est grande, plus la 
Mande de [réquences transmise du filtre de couplage est large, et moins 
on nécessite de types de filtres de couplage pour couviir la gamme com- 
plète de 50 à 800 kc/s. D'autre part, les condensateurs de couplage sont 
Чез. éléments cle construction três onéreux et Гоп évite pour cette rai- 
son des valeurs inutilement élevées de capacité. Avec un montage appro- 
prié, ces condensateurs de couplage peuvent être également utilisés 
¢ типе transformateurs de tension capacitils. pour des processus de me- 
sure. Klin de transmettre une bande мапе pour plusieurs voies à ; 
i réquences porteuses, on ajoute aux condensateurs de couplage Ct au 
transformateur de protection suivant d'autres capacités et Pon constitue 

ainsi des filtres passe-bande, appelés, tiltres de couplage. 


RR : H nc suffit pas seulement d'insérer sur lu ligne et de retirer les courants 
haute fréquence des équipements à fréquences porteuses à l'aide d'équipe- 
ments de couplage. H faut encore veiller à ce que ces courants s'écoulent 
seulement dur les lignes et dans la direction désirée. Des prolongements 
de lignes et des dérivations se trouvant sur le parcours doivent donc ¿tre | 
hlaques pour les courants haute fréquence. On se sert alors inductances : 
(ini sont construites sous forme de bobines à air. Un point déterminant 
A observer lors de leur construction, est une résistance mécanique suffi- 


! А 5 ^ Г 
sante, car ces inductances nont pas seulement a supporter en permanence i 
1 


un: courant de service de quelques 100 A, mais elles doivent également А 
ne pas étre endommagées par des courants beaucoup plus élevés provenant 
ances est diflérente suivant Jes cas, 


de court-circuits. La valeur de ces induc 

Si seule une liaison téléphonique est établie sur une ligne. des cir- 
cuits bouchons de résonance peuvent être prévus, Fig. 2. Des inductan- 
ces de 0,2 mil environ sont accordées avec des condensateurs d'accord 


pour verrcuiller les deux bandes de fréquences utilisées. Les condensa: 
lement aux augmentations de tension 
résultant de courants élevés occasionnés par des courts-cireuits. Les cir- 


cuits bouchons sont suspendus dans tes installations de commande, comme 


ҮР. 
lé sant les condensateurs de couplage, 


Si plus de deux bandes vocales sont à verouiller, il est recommandé 
US, iliser des circuits bouchons toutes ondes. Ce sont des inductances de | 
2,mH environ dont l'impédance est. эшйзашшепг grande dans toute la 
gamme comprise entre 50 et. 300 Kc/s pour éviter un écoulement des 
courants porteurs dans des directions indésirables. Ces bobines sont telle- 
ment grosses et lourdes qu'on ne peut plus les suspendre, mais qu'on 


urs d'accord doivent 


doje les poser sur le sol. 
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Ces deux modèles de circuits bouchons protègent certes tes «егет 
tes voies de cominunication. contre des pertes de puissance qui provo- 
queraient une augmentation d'atténuation. Les circuits bouchons ne 
sont cependant. pas suflisants pour. protéger les voies téléphoniques tone: 
tionnant avec la méme fréquence porteuse et situces de chaque côté des 
circuits bouchons contre une diaphonie perturbatico. On doit done te- 
noncer à exploiter sur une ligne haute tension des voies téléphoniques 
utilisant la méme fréquence porteuse et placées ап voisinage lé» unes des 
autres. Si cette solution devais бїгє cependant adoptée du tait du manque 
d'ondes résultant d'un trafic intense, il faut envisager la construction 
de circuits bouchons de diaphonie qui entrainent des frais considérables. 
Quelques bobines ne sutlisent pas, П est nécessaire d'aménager des qua: 


m. 


- 
e. 
5 
Р 
- 


Fig. 2 — Diapositif d'accouplement d'une ligne Н.Т. pour l'exploitation 
d'equipements a freguences porteuses ! 
| 
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dripóles sous forme de bobine npe citcuity Donchons toutes ondes ct 
de condensateurs type de condensaicurs de couplage. Des recherches appro- 
fondio ont monté que les tran restent dans des limites adransibles si 
Von renonce an blocage de Та gamme cómpnise entre 50 et BON Rc s 
сема те si Von dimensionne tes elanents de comstiiction, de telle Lacon 
que l'atténuation de blocage necesa weie que chins la gamme cour 
prise entre 100 et 300 kes 

Les équipements a Bequem es portenses nécessaires a Le Uansinission 
dis messages sont raccordés ins lignes haute tension и travers des équipe 
ments de couplage. Originaitenien on ne necevitait qu'une liaison tele 
phonique entre des différentes stations de gosean haute tension Les égui- 
pements à [réquences. porteuses durent cane d'abord envisages sous dorme 
d'équipements á une voie. te quoccdé de inodulation etat une modu: 
lation en amplitude avec transmissor de deus bandes laterales, Fig. 35 


Fig. 3 — équipement de télephome H.F. à bandes latérales doubies 
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Les deus directions de conversation utilisent difhoentes Haji por: 
teme. On cchangeait souvent les frequentes porteuses lors de l'établiec 
ment d'une lison. De tels equipements sont encore aujourdhui еуро 
tés dans une grande mesure. 

Suivant. la Lagen de bande BE desiree, ces équipements couvent 
une bande de fiéquences de Legear ditferente Peur ane. bande BE 
comprise entre 0,3 „ 2,1 Reis D Ros sont ct.. tit tte. Pour une bande 
BF comprise entre О ct 3.1 ko s, on utilis 8 he s Min de permettre 
un fonctionnement exempt de perturbations des diillerentes voles, La ban- 
de comprise entre 20 et 360 kc s disponible fut sabdivisce en des bandes 
de 3 kejs de large. Dans les roseaux comportant des systèmes à queres 
porteuses de 8 kc s de large, on a presa en consequente des bandes de 
К kgs. L'atténuaution de ligne imasimum admissible est lee he plupart 
du temps а Û N, éventuellement à 7 N abin de Biniter de niveau de bruit. 


Habituellement, des receptors sont pouivus d'un circuit de reglage 
qui permet de régler Jes thuinations du niveau de técepiion. resultant 
des variations d'atténuation sut des lignes haute tension. La ganune de 
réglage de ce circuit ем de d N. 

Au beu dete ocupées avec Ja téléphonie. ces bandes de fréquences 
peuvent être occupée également asec un plus grand nombre de voies 
de télécommande de SO cs de lange, Th et rationnel de géncrer des 
porteuses avec des liéquences. qui doivent сие tnansnjses ми da liene 
à Paide «F'oscillateurs à quarts et Von manipule ces porteises муе tes 
mesages provenant des équipements de télécommande. Sur de care res 
ception, tes voies sont déplacées par transposition de fréquences dans unc 
position telle, qu'elles peuvent étre séparées et теспе а Voice des files 
utilisés. normalement dans da telegraphic hannonique. 


Lois. de l'utilisation: de bandes de 8 bos de large, on peut limiter 
tes Dandes téléphoniques entre 073: û 2,1 ke s ec supeiposer ans La bande 
de héquences restante plusieurs vores de 80 cs de large. De cette facon, 
on peur obtenir dans beaucoup de cas uu nombre sullisant de voies de 
télécommande en plus des voies téléphoniques. Les besoins hne plus 
grands en voies téléphonique ont suscite dans les cans haute. tension 
déja existants une pénurie sensible des bandes de héquences disponibles, 
C'est pourquoi on a essaye avez succes de sedane de moitie le besoin en 
bandes de héquences par l'utilisation d'une modulation а une bande 
laterale, Fig. I. On obtient ainsi en pius un intervalo Eisorable cate 
Je niveau utile et le niveau de perturbation. cu d'une pact les perturba 
tions se produisant dans la bande réduite de moitié sont egalement 16 
duits de moitié. Dante part, serle la bange Eutérale qui contient tet 
le message est transportée par la puisance debitce. Finalement, une 
écoute non autorisée des conversations à longue distance a l'aide de postes 
receptears de radio est rendue difficile en présence d'un service à une 
bande Тасе et de he suppression de la porteuse. 
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En plus de la modulation en Ait avec transmise des deux 
bandes laterales eu d'une bande Litérale sulaneen on a également re 
sherché à determiner si une modulation en bequence pouvait otlig des 
avantages Un tel essai presentat un certian antait du faut quil ne se 
plodubart non. seulement des bruits pertinbateirs dns Tes voies telepho 
niques par suite de Гене de couronne ceffet coronas man egalement une 
modulation des messages ati nthme de 1 Les cllets de cette mo 
dulation corena pourraient eue facilement supprime par l'utilisition de 
la modulation en trequence. В faudrait alors qu'une bande de frequen 
ces plus Large soit disponible pour unc deviation de frequence махат. 
м Гоп doit conserver tes largeurs de bande реса псу jusqu'a present, La 
coupure des bandes latérales provoque de plus grandes distorsions aves 


Fig. 4 — Cquipement de telephonie H.F. a bande laterale unique 
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unc modulation em frequence, que de modulation corona aee une me 
dulation d'amplitude. Le procede le plus rationnel est done une modu 
lation en amplitude а une bande laterale. 


Lors de l'aménagement de nouveaux réseaux haute tension, il est 
souvent plis. avantageus de prévoir non pas des équipements télephoni- 
ques à une seule voie, nids des équipements ce plusieurs voies, semblables 
à cecus. utilisés par ln technique de be teléphonie à ftéqrences porteuses 
sur lignes aériennes, par exemple Та technique des administrations des 
PTT. De tels systemes transmettent par exemple 6, 12 ou 21 voies et 
occupent une large bande de drequences qui dot сос росе contre 
la diaphonie des autres tronçons de ligues du réseau. Les frais occasion. 
nés par Tes circuits bouchons quadripôles nécessaires dans (e but se répa- 
tisent cependant siii de nombirenses volts, si bien que des frais à сону 
par Voie téléphonique sont beaucoup. plus séduits ponr un tel steine 
que pour un systeme à une vole, Particulicresment en cas de tralie in- 
tense, un tel procédé presente de grands avantages. 

Pour toutes Jes liaisons. de téléecomimnunication: uites jusque pre 
sento i s'agissait d'établir entre les differents points d'un réwau de dis 
tribution d'énergie des faisceaux plis ou moins парогах. Hsc présente 
cependant des cas pour lesquels des commandes doivent с бис transmises 
a partir d'une centrale sers de nombreux points de réseau, jit exemple 
dins des grandes villes өй l'on Чөп simaltenemient connecter des consom- 
nmateurs épars sur toute inc ville, On parle dans се cas d'une installe 
tion de commande centrale. 


Dans ces cas, les lignes haute tension ne sont pas des lignes acriennes, 
mais souvent des cibles qui ont une attenuation beaucoup пор élevée 
pour les fiéquences portenses élevées utilisées sur Jes lignes aériennes. On 
est alors obligé de prévoir pour la папул des Signaux des hiéquen- 
ves voiles, Pour Ja sélection une héquence vocale speciale, un com- 
promis doit être établi: 

D'une ран, des harmoniques de da haute. tension doivent étre si re 
duit qu'ils puissent cire séparés de la Béquence porteuse de signalisation 
piu de simples circuits de filtres, co qui est d'autant plus lacile û réalise 
que ta liequence porteuse est. plis élevées D'un anne со, l'atténuation 
pour [a пефиепсе porteuse qui augmente en méme que la hiéquence. 
ne doi pas éue nop élevée Quelques dirmes qui construisent de telles 
installations utilisent des frequenees voisines de 1000 cos, 


Dans de telles installations, la centiale doit générer de grandes puis 
sauces de porteurs pour le réseau haute tension, en particulier si les sé 
cepieuis. doivent étre construits simplement par exemple sun utilisation 
de tubes ampliticatems. Ce point de vue est déterminant surtout si Гоп 
doit envisager l'aménagement d'un grand nombre de recepteuts, 
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i 
| П existe des cas ol ni Гао абон de la ligne haute tension, ni celle 
lignes de communication spéciales ne Éournisent la solution adéquate 
isfaisant aux problémes de transmision à résoudre, mais où l'ex ploi- 
jon de lisions radioclecuiques semblent être indiquée. 


De tels cas se présentent si lon veut communiquer en зао 
veo des stations téléphoniques mobiles dispersées amour d'une centrale, 
аг exemple des troupes de dépannage; Le service omnidirectionnel qui | 


nctionne uniquement sans [il olfie alors de grands avantages. 


Ess 


Même pour l'aménagement de Гассан iéléphoniques entre deux 
Oui plus points fixes, on peut envisager des li. ists 1adiosclecttiques aver 
Jes moyens dont dispose la technique des Liisceaus herisiens, en parti ulie: 
"Sida bande de fréquences disponible sur les lignes haute tension pour 


[Je& | porteuses est déjà occupe, 


t Dans Та recherche d'un domaine de fréquences approprié au service 

dés usines de répartition d'énergie, ext éliminé de prine abord Je de 
"maine des ondes. longues moyenne et courtes car d'une part ces do 

¿pines de fréquences sont deja occupés et des bandes de liéquences ne 

sont pratiquement plus disponibles, et d'auuc put en cas d'ondes lon- 

‘gues et d'ondes moyennes surtout, les installations d'antenne nécessaires 

"C пор oncreuses. 


E ¿Les équipements les plus économiques seraient obtenus avec des on- 
der, ul hure. La game des ondes métriques est approprice avant 
(Our pon un service ommisiectiennel vers des stations mobiles, alors 
Jue pow des ondes encore plis courtes, des faisons hei tiennes peuvent 
¿tre aménagées. II faut naturellement veiller pour des Hiaisons fonction: 
nt sur de telles iréquences, a ce que ides obstacles tels que des chaines 
montagnes ne sc nouent pas entre les stations radiosclectriques alin de 


rantir une propagation pakute des ondes 


spécialement pour de service des usines d'energie. On peut. envisager 


! чар exemple des sistemes pour 12 ou 21 voies avec modulation des im- 
pulsions en position (PPM) où avec modulation de héquence. Du tait 


pe Went être encore superposées ен limitant te bande vocale à 2, kes. 


hie harmonique, Pom une exploitation sus eles systèmes radio- 
électriques dans de domaine des ondes centimediques, il suftit d'envisa- 
Rer le système de telegraphic harmonique avec modulation en amplitude, 
alors que dans le domaine des ondes inétiiques, on prévoit de préférence 
um système à viuiation de fréquences. 
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TN С) POINTS DE VUE À ENVISAGER POUR LE 

| PROJET DU RÉSEAU 

| j Pour une usine de repartition d'énergie, la sécurité de service de 
l'installation de télécomniunication est le point de vue le plis important 
du, projet à considérer. Pour la téléphonie, la disponibilité des équipe- 
ments est exactement aussi importante que la sécurité de service, car 
une, voie téléphonique occupée est ausi inutilisable qu'une voie en dé- 
rangement. II s'agit done d'établir le proier aussi bien avec une sécurité 
technique maximum qu'avec un nombre suffisant de liaisons, 

aM Les facteurs pouvant limiter ces tendances sont de nature économi- 
que. L'établisement de projet de télécormmunication envisageant non 
seulement les besoins actuels, mai également l'extension. du réseau de 
répartition d'énergie, se heurte à des considérations économiques qui dé- 
terminent les limites de l'extension à prévoir pour cette installation. 


1. Sécurité de service 
| La sécurité de service d'une installation de télécommuni 
pend non seulement du lonctionnement des équipements, mais aussi de 
là sécurité de leur alimentation en courant et de la sécurité de leurs lignes. 
Les équipements ainsi que leur alimentation sont prévus de telle façon. 
qu'ils tonctionnent avec une sécurité. suffisante, méme dans les voies de 
ansmision critiques conne pour le téléréglage ou Та protection du 
seau. II s'agit seulement d'entretenir rationnelement les appareils et 
leur équipement d'alimentation alin de garantir cette sécurité de service 
pendant. plusieurs. années, 


ion dé- 


In sécuihé de service des lignes est décisive pour la sécurité de toute 
l'installation de téléecommunication: Des câbles souterrains posés loin de 
lá ligne haute tension sont en régle générale les lignes de communication 
les ¿plus sûres. Les trais des cibles posés exclusivement pour les usines 
électriques augmentent iapidement avec la distance de transmision fran- 
сше, м bien que des lignes aériennes ou des cibles aériens a plusieurs 
paires de conducteurs posés sur des its des lignes haute. tension sont 
préférables. Les lignes haute tension etlesmémes représentent comme 
voies de communication des moyens de liaison sis, du fait que leur 
construction mécanique est favorable et qu'elles ne se tiouvent pas expo- 
stes au meme danger d'endonimagement que les lignes acrienne de tété- 
conimunication, Les liaisons radioclecuiques ne peuvent être considérées 
canine voies de communication spies, que si elles sont projetées avec 
Beaucoup de soin, ce qui requiert parlois un matériel asses important. 

En général, les voies de communication sont aménagées parallelement 
aux lignes haute tension. Aussi longtemps qu'il sagit de lignes de com- 
municion plicées à proximité immediate des lignes haute tension, les 
équipements de protection haute tension suilisent pour éloigner des ¿qui- 
pements de communication tout danger de surtensions. La rupture des 


| 
i 
i 
1 
i 
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fusibles dans ies équipements de protection provoque cependant une inter- 
ruption des liaisons que Von essaie de limiter par des mesures spéciales 
à un délai de temps aussi court. que possible. Lorsque les lignes haute 
tension sont utilisées pour les liaisons de télécommunication, le couplage 
est prévu de telle façon, que des tensions destrucerices ne puissent par- 
venir aux équipements de télécommunication. Des fusibles interrompt 
les liaisons ne sont pas prévus dans ce cas. Pour les lignes spéciales de 
télécommunication ainsi que pour les lignes haute tension, il [aut satten- 
dre à une rupture des conducteurs. Sur les lignes spéciales de télécom- 
munication, cette rupture des conducteurs a pour conséquence une inter- 
ruption des liaisons. Ce n'est pas le cas pour les lignes haute tension, 
Si un conducteur haute tension se rompt, les autres conducteurs du луу 
teme à courant triphasé transportent tes fréquences porteuses à travers 
les сари itances existuntes, de sorte que la rupiure ne provoque qu'une 
augmentation d'atténuation. En raccordant des liaisons de communica 
tion à 2 conducteurs d'un systeme à courant triphasé au lieu d'un seul, la 
sécurité de la ligne pera спе considérablement augmentée. 

Des liaisons radio-clecuriques qui lonetionnent dans le domaine des 
ondes métriques ou décimériques ne sont pas perturbées par le service 
haute tension. 


2. Extensions 


On. peut construire une installation de télécommunication avec les 
frais les plus séduits si Von ne tient pas compte des extensions futures 
éventuelles Si Von évalue la durée d'existence des équipements à 15 
ans, Н est indiqué de toujours contrôler si des extensions sont à envisager 
pendant cette période, alin de ne pas devoir éliminer des équipements 
dont la capacitó n'est. pas plus sulfisamte. Ceci est. particulièrement in- 
portant. pour la détermination du nombre des conducteurs dans les cibles 
de télécommunication, car les Irais de pose sont des plus considérables 
et ne doivent pas спе renouvelés an cours d'une extension. Pour des 
liaisons à fréquences porteuses а travers des lignes haute tension, la pos 
sibilité d'extension dépend du plan des Irequences dans lequel des réser 
ves sullivantes doivent сас prévues pour. l'innénagenent de nouvelles 
liaisons. 


Lorsque des extensions sont. effectuées à de longues inteivalles cle 
temps, si-bien que fes anciens systèmes puissent être remplacés sur les 
lignes principales par de nouveaux systèmes de plus grand. rendement, 
et que les équipements ainsi libéres soient utilisés sur les lignes secon- 
daires, da mobilité des installations. de télécommunication est décisive. 
Les lignes spéciales de communication ne peuvent pas être déplacées ct 
doivent бїгє soit renouvelées avec des frais élevés, soit rénovées pour iles 
faisceaux de voies plus importants. Par contre, les liaisons à fréquences 
porteuses 4 travers des lignes haute tension ou des liaisons radio-élecri 
ques ne sont reliées qu'aux équipements terminaux. dont on peut modi- 
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lier le lieu «аппар: 
ques sent pour cette raison: 


Faf 


Sins grands Irais. Les deux dernières techni- 
articulierement appropriées pour les réseaux 


haute tension dont la structnelhe modifie rapidement. 


B. Considérations économi 


Une question qui a eu 
valeur des installations de télé 


T 


installation courant fort, 


"m 4 
de moyens auxiliaires au seny 


lois, on esale encore de lin 


ments sans penser quels. sont, des dé 


E 
ues 
longtemps discutée est celle concernant la 
| uimunication par rapport à la valeur d'une 
1м que ces installations perdent leur caractere 
ice ides mines de répartition d'énergie. Par- 
ilen des frais lors de l'acquisition des équipe- 
vantages et quelles sont les pertes 


qui peuvent en résulter dansile service courant fort, si le réseau de rélé- 


communication est insuftisa 
dustriels, on ev 
munication a un maximun} 
fart respectives et on мен 


ШЕ Dans les réseaux nnportants des pays in- 


1 > E iis 
alue actuellement Fa. valeur des installations de: télécom- 
ql 


Sede la valeur des installations courant 


ree d'augmenter de rapport en faveur des 


moyens de télécommunicatign| pour augmenter la sécurité et la rentabi- 


0 


іне du service haute tension ¿Un rapport de 7%, environ devrait repré- 
senter environ un amanita technique et économique. 


И пем pas possible dl 


d 


ablir ales réglés мп lesquelles on puisse se 


„Тад. : Ma vr É 
baser pour chaque co partitulier, a savoir si l'aménagement. de lignes 


spéciales, l'utilisation. de li 
ques pour ka telécommunica 
les nois variantes doivent c 
Cesta-dire sécurité de servi 
en valeur, Pour un изеп 


hies haute tension ou de voies racdlio-clecui- 
sion détermine le minimum de frais. Souvent, 
ue projetées, les deux anres points de vues, 
ele posibilité d'extension devant être niis 


important, une combinaison des trois types 
11р B т 


de moyens de iransmivion ex souvent rationnelle, les parcours piurticulie- 


rement importants é 
de transmision dillcrents | 


м ади 


West incontestable que 
ment nécessaires à exploits 
d'énergie. En premier lieu 
tent le plus impor 
remes stations du ели. 


iéléimipirimeurs se développent 
de tédécomptage et de téléréglage sont appropriées spe 


besoins des usines d'énergie 
cation pour la protection « 


ance p 


tru 


паве» parois en double, avec deux moyens 


E 
lil Risen 

| ! ! 

| ue. liaisons de communication sont absolu- 
ion «les usines et des réseaux de répartition 
de Sont des liaisons téléphonique qui présen- 
m assurer la communication entre les diffé- 
autre part, des liaisons télégraphiques par 
ide plus en plus Les liaisons de télémesure, 
jalement aux 
Кёп, on utilise des voies de 1élécommuni: 


tho 5 А "M б T E 
TENE, dans le but de supprimer rapide- 


ment les derangements evenuels. Les exigences techniques requises pour 


les moyens de communicari 
ont été exposées en détail. 


file a Н : > 
bhi hinsi que pour la coordination. de ccux-ci 
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Comme voies de transmission, il faut mentionner de prime abord les 
lignes aménagés spécialement dans ce but. II est à noter que des surten: 
sions peuvent se produire sur de telles lignes en raison de la proximité des 
lignes haute tension. Des mesures spéciales sont à envisager pour cli 
miner le danger que présentent les surtensions pour les équipements de 
télécommunication. D'ailleurs, les lignes haute tension elles-meéemes peu- 
vent ¿tre exploitées pour la télécommunication, On utilise alors des fré- 
quences porteuses comprises entre 50 et 300 kejs. Dans ce cas, les équi- 
pements de télécommunication sont reliés aux lignes haute tension à 
l'aide d'organes de couplage. Des circuits bouchons sont à insérer aux 
points de derivation des lignes haute tension afin d'éviter des pertes de 
porteuses défavorables. On a également Ла possibilité d'envisager des 
systèmes radio-électriques, soit des faisceaux hertiens pour la liaison 
entre des stations fixes, soit des radiateurs omnidirectionnels pour la 
communication de stations mobiles entre elles, par exemple troupes de 
dépannage. 

Pour chaque cas particulier, un de ces movens. de communication 
doit être choisi, en tenant compte des conditions techniques et économi- 
ques. Il faut considérer en méme temps la sécurité de service ainsi que 
les possibilités d'extension d'une installation projetée suivant Jes. besoins 
momnentanés. 


SUMMARY 


It stands to reason that communication means are а vital considera 
tien in the proper functioning ol large. electric power distribution syv- 
tems. Among all the available media, telephone communication takes 
а prominent place in the transmission of intelligence between the indivi- 
dual power stations of such a system. On the other hand, teleprinter 
communication is also making considerable headway im this field. ‘Tele 
metering, telecounting, and remote control facilities leri themselves par- 
ticularly well for the supervision and control of such distribution systems. 
Moreover, as they permit the easy location and rapid elimination. of 
trouble, they are also utilized. for protecting the distribution network. 
The technical demands placed on these media, a» well as on their inter- 
operation, have already been set out in detail. 

The primary communication. paths are, of course, the lines that are 
installed for this purpose. It should here be noted that the proximity ot 
the high tension lines exposes these circuits. to possible overvoltages. 
Special measures must therefore be taken to counter the resultant hazards, 
i.e. to prevent the communication equipment from being damaged by 
overloads. The high tension lines themselves can also. De used for com- 
munication purposes, carrier frequencies ranging from 50 to 300 Kc/s 
here being assigned. In this case the communication. equipment is con- 
nected to the high tension lines by means of coupling devices. The tapp 
ing points of high tension lines have to he provided with wave traps so 
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as to avoid undesirable carrier leakage. There is, lurthermore, the possi- |! 
bility of providing radio communication systems operating either as radio |; 
links for establishing a connection between fixed stations, or as omnis | | 


directional radiators for establishing connections between mobile stations, 5 


c.g. troubleshooting gangs. 

For each particular application the choice of communication media 
should be governed by the prevailing technical and economic conditions: 
At the same time service reliability and the possibility of expanding ап 
installation projected on the basis of initial requirements should also. bé 
taken into account. ' : 


RESUMFN j i 


No creemos sea necesario decir que los enlaces de comunicaciones son 
indispensables pora la explotación, tanto de las usinas eléctricas como 
de las redes distribuidoras de energía, pero si queremos realzar la nn: 
portancia tan grande que corresponde a la telefonia, pues es ella la que 
permite comunicar las diferentes esta iones de là теа. Por otra parte, Ia 
mica de teleimpresores se encuentra en un estudo de desenvolvimiento 
dón en las redes distribuidoras de energia 


te 
continuo. De particular «ріс 
son los enlaces de telemedición, telecómputo y telecontrol. Мо por úl- 
Limo, Jas vías de telecomunicación se emplean рага єх 
eción eliciente de las redes, a los electos de poder suprimir averías en un 
tiempo lo inis corto posible. Las exigencias que la técnica requiere Y 
que pone a los medios de comunicación, así como а la cooperación. de 
los equipos, han sido detalladamente ex puestas. i 

Como vin de transmisión será necesario mencionar en primer orden 
las lineas que se tendieron a tal fin. No debemos dejar de observar que 
en estas lineas pueden ocurrir sobretensiones а cansa de la proximidad 
de las lineas de alta tensión, por lo cual habrá que tomar las medidas 
pertinentes para eliminar eb peligro tm grande que suponen sobretensio-] | 
nes em tos equipos de telecomunicación. En cambio, las líneas de alta)! 
tension se podrán utilizar Ganbién para la telecomunicación. А este fin 
is portadoras entre 50 y 800. Кел. En este caso, Ios 
a tensión 


se utilizan Irecuenc \ 
equipos de telecomunicación: se empalman con tas líneas de 
por medio de clementos de асоро. En los puntos de derivación para 
las lineas de ана tensión habia que insertar circuitos de bloqueo, con el 
lin de evitar pérdidas de portadora destavosables. Igualmente existe la 
posibilidad de prever sistemas vadioeléctricos para formar enlaces. entre 
estaciones li o de erigir antenas retlectoras omnidireccion 
Evar con estaciones móviles, por ejemplo, cuadrillas para ave 

Para cada caso en particular, se elegir uno de estos medios de comu- 
nicación, teniendo en cuenta las condiciones técnicas y económicas. Al 
misno tiempo no sólo habri icio, sino 


que considerar Ja seguridad «el servi 
también las posibilidades de ampliación de una instalación: proyertada 


E ido des 


para servir a ko exigencias del momento. i 


{ 
| 
| 
1 
T 
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ablecer una prow- | 
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The last station for tropical areas supplied by Telefunken with a 
short-wave radio transmitter yet during the last war was Lourenço Mar- 
ques in Portuguese 


st Mrica. It required no repairwork during the 
15-year period of operation despite heavy strains it was subjected. by 
tropical temperatures and high atmospheric humidity. The extraordinary 
strain which in December 1939 was imposed by à tremendous locust's 
plague upon the antennas, reflectors, and aerial feeders was overcome 
without causing failure. The footnote refers to the tropical countries з), 
which since 1904 were supplied by Telefunken with the most varied 
types of shockexcited —, quenched spark-transmitters, HE-aliernators, elec- 
tronic transmitters, receiving stations and aerial installations. 

Recent equipment in use, however, has undergone considerable chan- 
ges when compared with that formerly installed in tropical regions. By 
changing from low radio frequencies to very high frequencies, the miriga- 
tion of the most dreaded natural atmospheric statics especially prominet 


during tropical thunderstorms was fully accomplished, The use of bean’ 


antenna arrays in place of omnidirectional antennas in connection with 
the employment of ultra high frequencies and trequency modulation, 
resulted in a considerably higher reliability in operation and besides to a 
very high degree in freedom from intended wireless interferences. Con- 
centrating the wireless stations at a few points only, made it easy to pro- 
tect them against natural disturbances and acts of sabotage, whereas wire- 
lines can hardly be guarded. against well prepared acts of sabotage, not 
even in most densely populated. areas. By substituting telegraphy by tele- 
phony and teletype, the radio links can easily be operated. by every- 
body without. previous. training. 


The power companies, therelore, have taken special interest їп the 
development of wireless communication systems and in particular chine 
of radio links; they have already applied this modern means ol intelli- 
gence transmission on extensive networks as in the cise of the Bonneville 
Power Administracion [1]. Similar systems are in the course of prepara 
tion in Germany. Ultra high frequency technique offers the. following 
advantages: 


р ASIA AFRICA AMERICA 
Philippines Congo Misi Dutch Wet India 
Bornen Egypt Honduras Dutch Guaiana 
Celebes Cameroons tuatemala Brazil 
Ceram Valeria Nicaragua Portar 
Java Nigeria Cuba Peru 
Sumatra Sierra Leone Costarica Betts 
imor Portuguese Guinea Salvador Chile 

"Fhadand and East. Africa Columbia 
South-Sez Islands Southwest Africa Venezuela 

‘Tanganyika 

Fogo 
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CONFERÉNCIA MUNDIAL DA ENERGIA Titulo 2 
WORLD POWER CONFERENCE Assunto 2.1.4 
REUNIAO PARCIAL KIRSTAEDTER (L) 
SECTIONAL MEETING ROESSLER (E.) 
Rio de Janeiro — 1054 | Alemanha 


RADIO ,£COMMUNICATION EQUIPMENT 
FOR THE POWER COMPANIES 


"d By 1. KIRSTAEDTER 


and E. ROESSLER 


NATIONAL COMMITTEE OF THE GERMANY FEDERAL REPUBLIC 


Like all enterprises servicing a large area the electric power com- 
panies are in need of efficient and reliable communication systems. 

In densely populated. countries, open wire-lines and underground 
cables of the postal authorities or of private communication. companies 
are available and are being used to the highest possible extent. However, 
in case of failure of the electric power supply they cannot esti dish as 
rapidly as required reliable inter-communication between the parties con- 
cerned. Just in such cases the communication requirements are extremly 
heavy. Besides, these conventional communication systems cannot. ensure 
proper synchronization of travelling-wave recording instruments required 
for fault-localisation on E. FI. V. transmission lines or for telemetering. 


In tropical areas as well as in undeveloped countries in general, no 
telephone and telegraph lines are existing so that the necessary commu: 
nication means must first be set up along with the construction of а 
power plant in such areis. It is then desirable so employ such means 
which, along the route, cannot be affected by acts of nature or men. 
This is provided for by radio links. 

To the power companies apply the same viewpoints which in the 
carliest stages of colonial countries have led to the utilization. of wireless 
telegraphy. It should. be recalled that as early as 1904, e.g.. the first 
‘Telefunken stations with ranges of 200 kilometers were set into operation 
in Africa. Stations in Montevideo, Peru, Mexico, the Netherland's Indies 
and on the South Pacific Islands followed. 1n 1913 a radio network was 
commissioned in South America (Рага — Manaus — Santarém - Iquitos 
— Lima — Callao), covering a distance of 3,300 kilometers. The power 
supply units for most of the equipments delivered to tropical countries 
were manufactured. by KA. E. C. 
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1. Radio links can be established and used prior to the installation 
of high-voltage transmission lines, i.e., during construction of 
retaining dams, power generating stations and substations. 

2. Elements of the power utility system located remotely from the 
high-voltage lines, such as brown coal mines or feeding points 
of retaining dams, may be included in the communications пес 
work (Fig. 1). 

3. Contact with mobile telephone stations (vehicles of linepatrols 
or helicopters employed for inspecting the power lines) пау be 
readily established by the use of radio telephony. 


4. The vehicles, on their part, may communicate with portable 
VHF-sets, so considerably facilitating cooperation between the 
individual construction teams along the power lines or in large 


plants. 
5. Pulses for localizing faults on E. H. W. transmission lines can be 
4 readily transmitted with great exactness by the medium of radio 


links. 
I. RADIO LINKS 
As early as 1936 Telelunken bas started with the development of 


radio links and contributed important pioneer work in this field, e.g. 
by introducing the pulse phase modulation (PPM) system. Prior to the 


Fig. 1 — VHF Omnidirectional Antenna for Horizontal Polarization on an Excavator of 
ihe opencast mine Helmatedt (West Germany). 
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latter phase of development, a communications network covering а total 
distance of approximately 70,000 km had been set up by means of the 
frequencyanodulated. ‘Telefunken UHF-links “Michael” and "Rudolt" 
which ensured utmost reliability in intelligence communicition over а 
distance of 5,000 kilometers and above [2]. 

After the war, ‘Telefunken concentrated its development оп increas- 
ing the number of channels feasible lor such radio links 13]. The number 
of transmission channels ranges between 60 and 600 at present. At the 
end of 1952, c.g., an UH F-wide-banc radio link connecting Hamburg 
with Cologne was put into operation (Fig.2) [1]. 

The objection will be that such a great need fer intelligence trans- 
mission exists only between the lang distance exchanges but not between 
the generating plants and substations. This objection applies, however, 
to European conditions only. In undeveloped areas the exploitation. of 
natural power resources and the transmission of electrical energy over 
long distance often represent the first steps made before the actual settle- 
ment of people and. the establishment of industrial enterprises takes 
place. Experience shows that then the desire for communication with 
the outside world rises rapidly. In the course of the foundation ol such 
settlements develops in many instances an unusual social structure Food- 
stuffs and consumer goods which in Europe can be procured in the im- 
mediate vicinity have to be transported over very great distances, Family 
members are separated. and live far away from "ach other. The rapid 
growth of the community results in an unusual increase of municipal 
and governmental activities. 

In planning a radio link system for a power company operating in 
an undeveloped area, consideration therefore should be given to the 
possibility of extending the communications services beyond the opera- 
tional requirements to meet also private and official needs for commu- 
nication which may be expected in the future, 


1. General Planning of Radio Link Networks 


From the electronic point of view, the frequency ranges of VHE 
and UHE waves (approximately 30...4000 Mc/s) are particularly suit. 
able because of their propagational qualities. Under normal conditions 
waves within these ranges are not subject to ionospheric reflection so 
that objectionable fadings are eliminated due to the existence of. various 
paths of propagation, that may greatly differ in length and hamper the 
transmission of. higher modulation frequencies in the HF-range. Further, 
the use of VHF and UHF waves causes no special complications in pro- 
ducing the directional effect. Especially for UHF, the required beam 
antennas are so small that they may be mounted on existing buildings, 
roofs and high chimneys. The trequeney-bands available are so wide 
that various "audio-channels" can be simultaneously transmitted in one 
“HE-channel”. For this reason, a great number of such frequency-banes 
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Fig. 2a — Terminal Station of Wide-Band transmission Link Hambsrg-Koln (5. W, 2900 
Mc s. bandwidth 20 ca 5 mc s; at Transmitter Station Langenberg. 
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Fig. 26 — Commurications Tower with a Relay Station for the Wide.Dand Link 
Hamburg-Koln. 
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within the aforementioned ranges was assigned to radio-link operation 
at the Atlantic City Conference in 1947, so that the power companies 
will not encounter any restrictions in opening radio links as ds the cose 
in the medium-frequency range. 

Another advantage of the VHF and UHE ranges is that they permit 
the use of frequency-modulation (FM) or pulse phase modulation (PPM). 
Radio links employing such modulation can be operated in the immediate 
vicinity of high-voltage lines without any interference [5]. 

Because of limited reach of UHF due to curvature of the earth, 
radio links covering a longer distance are usually sub-divided into several 
sections; however, in most instances it will be possible to adjust these 
sub-sections to the general requirements of the power grid. Much longe 
ranges “are possible in mountainous regions, e.g., between two high 
Ñ mountains. 

In the VHF-region, the range of a sub-section of a radiolink may 
be fai beyond the line ol sight provided that a sufficient expenditure 
in transmitting power and antenna gain is accepted. The type of equip- 
ment which has been successfully installed by Telefunken to connect Ber- 
lin with West Germany ("Funkbrücken = Radio-bridges") will be appli- 
ed to great advantage where the installation of relay stations is difficult, 
as in cases where sections of oceans [6] or inaccesible tracts ol land have 
to be bridged [7] [8]. These equipments are supplied not only as fixed 
stations (Fig. 3) but abo as mobile or transportable units (Fig. 1) [9], 
хо making posible operation prior to the determination of the final 
erection. site, e.g., for surveying. It is quite natural that these stations 
during operation must be fixed with respect io the height ol their muste 
and to insure the directional effect of the antennas. 

The transmittiug quality of the Telefunken radio links meets the 
highest requirements so that practically any number of sub-sections Gelay 
stations) may be operated. in succession. "The links permit to branch oll 
or add опе or more groups of 6 audio-channels each at any relay station. 
This, however, necessitates certain additional facilities at the relay stu- 
к tons. H desired, these "Funkbrücken" may be equipped with automatic 
devices for testing, switching-over on standby units and fault-localisation. 
In selecting the appropriate HF-band between 30 апа 1000 Me/s duc 
consideration should be given to the maximum number of. channels re- 
quired and to the existing topographic conditions. For distances reach: 
ing beyond the line of sight, lower trequencies are more favorable since 
they cam be received beyond the horizon. 

Phe range safely covered by UHE is given in approximation by 
the lormula lor the optical horizon as viewed Irom the transmitting: 
antenna in relation to the earth curvature, 


Dawo M87 ahis 1 D 


و 


where Dj, -- distance between. two stations, hus imd hay, an. 
tenna heights. Exact calculation is based on the condition that the so. 
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Fig. 3 — Beam Antenna of Multichannel Link Berlin. West Germany (250 1000 W. 60 Mc a, 
FM 500 kc s deviation, covering 200 kilometers without relay station. 
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called lat Fresnelzone 2) is tree ol any obstacles. The resulting exact 
distances must not be exceeded, particularly with regard to intermediate 
mountainous regions. | 
Considerably lónger distance, however, can be bridged by using УНЕ. 
For detailed and exact planning, a number of particulars [10] haye to 
be taken into consideration which, if discussed here, would exceed | the 
scope of this paper: | 
| 
2. Viewpoints specific to the power cam panies 
| || ae A E NI 
А very important point in planning radio links is the determination 
of the necessary number ol audio-channels to be assigned to the indivi- 
dual links of the power company’s communication network. The number 
results. from the various requirements in communication listed below. 
1 
р a) Audio Channels 
| 
In general, one to three direct channels exclusively used for 
transmission from [the dispatching oflice of a I. EI V. transmission 
to each larger sulpstation will be needed. In addition it is practic: 
provide а numbei of so-called. “Omnibuschannels”, e.g. one omnibus: 
channel being assigned to any larger sub-station, and one or two such 
chanels each to groups of smaller sub-stations, ete. Furthermore, [direct 
channels are needed. for connecting the dispatching offices of intercon: 
nected EAV. transmission systems. ` i 
3 | 
1 
| 


vas TOR. 
һ) Velemetering | channels for load control etc. 


] 
i 


*. — 


» + i. . uve 
‹) Supervisory-control channels for unattended substations anl йат 
me 


purposes. 


meh. i 


dy ‘Teletype chi 
automatic localisation of faults, epecialiy of short du- 


e) Channels lor 
ration. 


As is generally known, in taultlocatisation use is made of the fact 
that travelling ves аге running along the high voltage line to either 
end from the point ot fault. Depending on the Jocation of the! fault 
relative to both lends of the line, these two travelling waves arrive at 
dilferent instances in the terminal stations, where the instances Of their 
anival can be recorded. In order to determine for fault dlocalisatit n with 
vublicient accu (Y the dillerence in time between the instances | when 
the travelling waves arrive at the terminal stations, a reliable means for 

i i 


„ ene lest by cas elipsoid of rotation with the termina] stations 
dileumce between the direct and the deleted. bean does. not 


2 


2) dp his is a spri 
as deci, in which 
exceed one halt wave length 

1] 


| 
| 
| 
| 
| 
| 
1 
| 
| 
1 
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Fig. 4 -— Mobile Mutti.Channe! Link (50 W. 300 Mc s, FM 300 kc s deviation, 
| 60 SU channels. 
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time comparison is needed at both terminal stations. Time comparison 
can readily be achieved by the medium of pulses. transmitted. by radio 
link. This method enables not only te trace sustained faults on the 
E.H.V. transmission line. but albo to discover short-time spark-overs. 
Thus defective insulators may be readily located and replaced helore 
resulting in a break down of the transmission system. 

The determination of the number ol channels required lor each 
section of the E. LI. X. transmission system, mostly sesults in relatively 


: : | TA. ` E 
high numbers of channels lor transmision-trunk lines and in less num- 


bers for the transmission feeders. For this reson, the VHE and СИГ 
channel equipment vilin the Hirst line Lind iis application on the nunk 
lines. ! 


П. MOBILE AND POR | VBLE RADIO TELEPHONY EQUIPMENI 


Use of this equipment (Fig. 5) will cut down the time required for 
repair work om nansmision dines consideradas and will greatly. reduc 
the dos in revenue resilting homn Мше ob the power supply. Albeads 
when constructing the dines өр similar extensive: plants, work. can. be 
substantially sped up so. as to deduce the initial costs. The RHEIN- 
КЕКТЕ, . ., has made use ot the Teleport DE equipment for main- 
timing contacto between Construction teams crecting transmision lines, 
thereby. ensuring proper разон the cables; BRETON and MONIER- 
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BAU uses this portable equipment to assist in the construction of generar 
ing stations by establishing contact between the crane operators, BE- 
WAG, Berlin, and FELTEN & GUILI.EAUME, manufacturers of cables, 
apply portable radio telephony equipment when keying ‘high-voltage 
power cables and coaxial television lines. The operation of the portable 
TELEFUNKEN sets, on such projects in the 160 Mess band, will not 
be interfered by nearby 200 KV transmission lines, | 
The German power companies are united in the "Vereinigung deuts- 
cher Elektrizititiwerke” (VDEW), which is planning: joint power utility 
radio network throughout. Germany. Thus it will be prevented. that 


Fig. 6 — Radio Communication Centre Antenna in Idustrial Area. 


mutual interferences will arie between the individual power companies’ 
communication services owing to the expected incrensed use of the Ire- 
quency-bands available. his plan. provides for approximately 250 fixed 
radio communication centies. throughout West Germany (Fig. 6). Each 
centre shall be equipped with Irom 3 to 20 mobile «tation, depending 
on local requirements The following points заети consideration: 


и) Some radio networks anisi meet vepra-regional requirements, 
when the 1adio«iis have to drive over great distances to service the ins 
tallation of dillerent power companies. involving primarily transmision 
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systems operated at 110 kV and above. According to the German plans, 
the radio networks are designed to operate in а frequency range cover- 
ing 72.35 to 72.75 Mejs and i82.35 to 82.75 Mc/s respectively. Other 
radio networks will be restricted to service a local region only to which 
the МНЕ bands of 159,1 to 159. 3 Mejs and 163.6 to 163.8 Mejs are 
allocated. Both these systems: of networks are of. the duplex type to 
establish. communication in both directions simultaneously so that the 
parties concerned can talk and listen at the same tine without manipula- 
) tion of any switch (trovas adiotelephony) . This type. ul. operation is 
necessary lor connecting the radio communication networks with. che wire 
lines of the individual power companies. En accordance with the general 
planning of such duplex radio communication networks, the separation 


Fig. 7 — Potice Radio Communication Headquater in a Large City. 


between transmitter and receiver frequencies is 10 M/s on the BO Mc/s- 
band and 4.5 Mors on die 160 Mc/sband; lo addition for portable 
equipment one way channels ranging. between 162.0 and 103.4. Mejs 
have to be provided. “These connections are made by transmitting and 
receiving on the same bequency in either direction so that by means of 
a switch, either the transmitter or the receiver may be switched on at 
cach station, ; 


b) The radio communications centies, which frequently are located 
clase to each other, must be prevented: from. interfering. each other. It 
is therefore not always advisable to install the stationary equipment at 
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the highest altitude of the area concerned but to select à site the location 
of which is of such à nature that only the associated area may be covered 
and that in adjacent areas the licldstrengtlh will not exceed a certain 
threshold level. 


€) The frequencies. available will have to be allocated in such a 


way that the existing radio communications equipment of other power 


companies will not be interfered by networks equipped with modern 
equipment working on channels separated by 50 kes. 

The power companies shall use the same equipment asan Germany 
already stood the test. in radio communication for police. lire-brigade, 
railroad, highway, and harbor authorities [001 [12] (ig. 7) 


Fig. 4 — Unaide of Emergency Car Equinped with Radio Communication Sets. 
The equipieuts in question have the lollowings outstanding features 


l.. Mobile Equipiients (Vig. 8) 


ар Adjustable for operation on. Û ot 7 hann ts 

bj Duples operation 

O Possibility ot connecting to a мие line netwerk 

d) Range: approsimarcly Зо kin 

e) Selective signal tor calling a speci vebidle ow of the total tun 
ber ob mobile stations. d hie calling signal may operate: the 
"Bosch" horn ol the vehicle so that also nk teans occupied 
in some distance of the velicfe cin be summed 
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Portable Radio Coveted Nets 


W Operation hequienes within led. M s bind 


| 
| 
b) Simples operation | 
| 
| 
| 


OO Range on level ground: 3 km 
| 


Чу ine audiosignal shall be audible at he called ation (VUL 4 
distance ot û meters. H required, the audio tange mia De es 
tended to 30. meten by means ob. additional devices | 


| 
Hio C ECHNICAM. DESIGN FEVUURES | 
| 


‘Peletunken equipment is not onb simple to halle but aba all parts 
че easily accessible (Fig. 9). ME equipment is housed westhei preceded 
(Fig. 100 Individual unii «an he pulled out oi the rab. лнн type 
big. UD Gr readily inspected when opening the doors iabiuet tapes Pie 
10. Smalle unio me accesible iom all sites upon icem al ә Mie pres 
lective cavers, 


1 Ntalronary Equipment | 

The denweurtype: is particulas advantageous. because individual 
components can be readily replaced in cec ob tieuble Ehe cabinet in 
iS lit above all doi UH equipment since a eje housing ol the an 
«ама components. would be nipiactical because ob the coasial fines 
usel in this type ob equipineut 

OF special importance doi stationary. equipment is the power suppli 
Which аним ensure continuous operation and comple to independence E 
the local distiibution sy tera, il used 

На local distribution sister is available, it ts pond pun tice to tage 
the high voltage line aul step down to 20; 580 volts AU à ml Ihe don 
voltage will be supplied ta Ove dependent station заема, (nondegu 
Fated and icgulated, i necessary on account ab iie seltage uctus on 
the Iongh voltage sides Ehe nonaegulated network feeds all load circus 
when voltige füctuuions ac ol miner concein ах in Hghiing LWE radio 
communication equipirents are connected with tbe tgulated network se 
that they will not be aliected bs greater voltage dure tete ou the DEN 
sudes A storage battery. is continuorsh «Мае by лесине do симне 
continuation ob operation incite upon аниге ob the log al pone 
supply Phe battery capacity is ampls gated t0 ensa sale opepatton һи 
bora hours | 

Contra to шшр stains: edili aie алу powered ШҮП 
hom batteries the volt. іреу тоат pr operating sadio TAL 
equipments are done dion the 50 a э cortan voltage уме When 
the bocal newek duel the solare s supplied In а PH NC molo цене 


| 
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tator set operating on the batterv. This set i, kept ranning also when 
power from the distribution system is taken to prevent even the shortest 
service interruption when changing over trom local to battery operation. 
The AC generator of this set supplies constant AC voltage to the regulate 
network and covers the full load only upon failure of the local supply. 
Owing to the Hywheel ettect of the rotating parts ol the MG set à period 
of abont ] second that is required tor changing over trom local to battery] 
supply is bridged without causing any interruption . 

When the normal supply fails tor more than 5 minutes, the diesel 
emergency generating set automatically starts ир to cover the power ie 


Fig. 10 — Transportable Transmitter-Receiver Equipment tor 300 Ме в MultiiChannet 
Radio Link. 


quirements. The diesel driven generator supplies the regulated. as 
well as the nonregulated network and constantly charges the battery 
via the AC/DGanotor-generitor set. 

Should the diesel engine tail without the normal supply voltage 
having recovered, an alarm system will become operative and sununon 
the local attendants or those of the nearest atrended station. During the 
Jour hours for which operation can be maintained by the battery, it will 
mostly be possible to ensure continuous power supply by using a mobile 
emergency generating set. 

Supplying’ power to relay stations located in sparsely inhabited item 
olten is so difficult that the entire project of radio links may he jeopar- 
died. Under certain. circumstances supplying power over long distances 
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шалу be too expensive justo is the tansport ob diesel Fuel gasoline up 
inaccessible mountains (Upon by meules. En such cases the use ol 
wind-driven generating plants bs the most daveurable solution Niner 
storage batteries one provided in ans relay station and an cier genes 
generating set driven by a combustion molor is available, the wind-driven 
generator takes the place of the normal power supply. With ne wind 
available the power is taken trom the barrens, whieh) iu ми а Gaye апау 
be of a somewhat larger capacity qaving e.g. 8 to 12 hours discharge 
tine). Sime in coastal areis and on mountains generali more wind is 
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Fig. 12 — 10 m Diameter Wind. Wheel Generator. built by Messrs. ALLGAIER, 
Uhingen Wuertt. (Germany). 
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available in the mornings and evenings, during the intermediate time 
power may be supplied by the storage battery, to economize in fuel. In 
al probability the utilisation of the wind-driven generating plant will 
be very high since on the mountains plenty of wind will be avilable 
and because the wind wheels are installed оп the top of the antenna 
towers, which are outside the whirlwind-zones experienced near the 
ground, "This also results in um improved performance. Fig. 12 shows a 
wind wheel built by Мег. ALLG AIER., 


2. Transportable Radio Links 


Radio link equipment which permits easy transportation can be 


taken apart into components (Fig. 10) that can. be readily lifted on any | 


truck or trailer or carried into buildings, barracks or tents by four men. 
"The components are connected by non-interchangeable plugs with cach 
other, to the power supply (single-phase ALG.) and to the antenna. i 
Upon removal of the rear covers of the transport. case they are reads : 
for operation irrespective of their place of installation on vehicles or 
inside of buildings. Unless already available for other purposes an appro- 
priate power supply has to be furnished in the form of gasoline or diesel 


generating set. Ii is sulficient to protect the equipment during operation 
hy a weather prool cover against ingress of water. During the uans 
port the front and sear covers of the transport case protect the equip: 
ment against rain. 


Yagi antennas mounted on а telescopic mast: of 20 metes in height 
(Fig. 13) may be used tor transportable radio links. Higher masts are 
not recommended because ob their heavy weight and the difficulties in- 
volved in their erection, The equipment is designed tor quick availab- 
ility tor operation. Practical tests have shown that five men, alter some 
Gaining, are able to set up the equipment ready for operation in about 
two hours and to dismnonnt it in halt the time. Е 


With transportable relay stations, separate transmitting and receiv: 
ing antennas have do be used which must be erected at a certain «се 
from each other and directed in such a way that interaction is minimum, 
Elimination of interaction сап be easily accomplished by making appro- 
priate use ol the high inherent selectivity of the receivers. 


Using separate antennis lor transinitteb and receiver offer the addi- 
попа advantage that units provided dor a relay station can. also work 
separately from each other thus establishing an independent radio link. 

In the gee ol statioiay radio links, transmite and receiver care - 
frequently connected to а common antenna and separated by filters. 
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3. Mobile Radio Telephony Sets 


The mobile sets are generally sub-divided into a number of units 
so that they can easily be mounted on any vehicle (Fig. II). Transmitter 
and receiver are connected to a common antenna through a filter. “The 
antenna may be so incompicuously mounted that the vehicle can not 
be recognized аз а "radio car”. 


Fig. 13 — Plain Yagi-Antrnna for Mahile Radio Li 
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Fig. 14 — Individual Components of Mobile 7 Channels Radio Telephony Equipment. 
From left to right: Power- Supply: Transmuryon-Receiver; Telegraph Key: Tetenhone 
Set; Supervisory Instrument and Channel Selector Switch: Loudspeaker. 


he individual channels are selected either by pressing the aso 

died pusliekeys (Fig. 15) or selected by manipulating 4 1068. switch 

Phe ммен shown om Figo Di permits the selection ol seven. channels 

P hus no tuning is required but only simpl operating the appropriate 
hes or switch. 

The telegraph kes noticeable on Fig. FE anas be used lor ttt 

ing anope signals or апу other signals operating the buzzer used for cal! 


TELEFUNKEN’ 


E GE een e] 


Fig. 15 — Cradle Set of Radio Telephony Equipment, Pusnkeys permit selection 
of for channels. 
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ing. This is particulado practical when short orders me transmitted 
because one need not hold the phone close to the car all the time, since 
the calling signal can be heard even at some distance at the car. 

The foudspecker shown on che vight-hand side ot Figs I in be 
mounted on the fender when used tar transmision eb orders homn the 
саг and covers a distance of between 50 ando OO motels depending on 
the external noise level, 

These mobile equipments are supplied with power from a IBV or 
GV battery, via а vibrator 
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34. hi Radio Telephony Sets 


This type of equipment mit De canied өп beck Fiz. 5) ot ds hand 
(Tig. 16). His designed ду onechannel and [channel Innen (Pee 


Fig. i6 -—— Portable radiotelephane sets in which but Mtie heat in generated internally 

are not so much affected by the high outdoor temperatures of the tropics as by ihe 

atresica of cold (n arctic areas and high mountains. “Teleport , stood а special lest 

and proved its adequacy on the Nanda-hachat expedition. In heights op to 6,000 meters 

and at lowest temperatures, the equipment established communication between the 

different. camps and while on route; it has being appreciated by alt participants as 
an indispensable aid. 
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leport II and III respectivily). One storage battery for operation and 
another one as standby unit are arranged in the lower part ob the set 
and can be easily removed. Thus it can also be charged remote from the 
equipment. 

Telephone and microphone can be combined in a single unit just 
hke a normal cradle set. It is also possible to use them separatly buckl- 
ing the microphone with a strap to the chest of the operator and by 
fastening the head-phone with a ribbon to his head or litting it into à 
cap. Thus both hands are free for other work while communicating. This 
is of special importance for work on transmission line towers. 


5. Tropicalisation, Resistivity against vibration and shock 


For equipment to be used in the tropics the inside is treated with 
a sponge lacquer in addition to the usual and well known treatment. 
Due to its fungicide effect this lacquer prevents the formation of tungi 
even in the presence of high humidity and heat. 


In the Telefunken laboratories, the newest plastic material, impreg- 
nating compounds, oils, etc. are continuously tested with respect to their 
application in high-frequency equipment. А» a result of these tests, the 
most practical materials can be used for the individual parts of the equip- 
ment so that in many cases considerabiy higher temperatures сап һе 
permitted than formerly, e.g., by applying silicones. 


АП equipments are carefully tested also in mechanical respect, par- 
ticularly to their resistance to shock and vibration during transport, so 
that they safely withstand rough handling and tiansport on vehicles over 
pathless tract» of land. When mounted, the equipment can take shocks 
corresponding to ten times the earth acceleration. This is tantamount 
to accelerations which result from driving on streets in poorest condition. 
The stresses experienced due to shocks while driving over cobble stones 
ata speed of 50 to 60 kilometers per hour is about 3 to À times as large 
as the earth acceleration. ‘The equipment is protected against periodic 
vibration by eliminating all constructional elements which give rise to 
resonant. vibration. 


SUMMARY 


The great need for power utility communication subject to special 
conditions may be met not only by wireline telephone systems, but can 
also be satislied by radio service. The latter lias many advantages since 
wireless connections аге not. bound to fixed stations but can also. be 
readily established between mobile stations, This paper deals with VHF 
and UHF radio links, their importance and applicability to electric power 
supply systems, particularly to fast and reliable fault-localisation on EHV 
transmission lines; it also discusses the application of using mobile and 
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portable radio communication. sets. The technical features inherent to 
this type of equipment ше shown at hand of various patterns for usc 
under normal and tropical. conditions. 


Risumé 


i La necessité urgente de communications dont les entreprises de dis- 
| vibution d'électricité ont besoin peut ètre satisfaite par des lignes télé- 
| phoniques ег également par des liaisons |h.f. Les équipements h.f. per- 

NS mettent l'établissement. rapide de liaisons entre des station fixes aussi 
1 
| 
T 
| 
1 
| 
| 


bien qu'entre des stations mobiles. Cette llexibilité est un des grands 
avantages des liaisons h. I. On donne une analyse des applications possi- 
bles des câbles hertziens métriques et decimétriques ainsi que des équi- 
] pements radiotéléphoniques portatifs et mobiles aux problèmes de télé. 
DE communications des entreprises Че distribution d'élecuicité, La technique 
[i courante est décrite, en outre la localisation rapide et sûre de dérange- 
i ments d'une ligne à haute tension et la|posibilité de Та tropicalisation 
du matériel. | $ 


Rest мо 


A necessidade de comunicacóes urgentes que experimentam os servi- 
cos de distribuição de eletricidade. pode ser satisteita pelas tinhas telefo- 
| nicis c, também, por serviço de rádio. Fete último oterece muitas vanta- 
| gens desde que as comunicações sem fi? não sejam sujeitas а estações 
|| fixis, mas possam, também, ser estabeleci 


аз, prontamente, entre es (OCS 
| moveis A presente monogralía trata das ligações hertzianas МНЕ e UHE, 
| sua importância e aplicabilidade aos sistemas elétricos de distribuição de 
: energia, particularmente à fixa e segura localização de defeitos nas linhas 
i EHV de transmissão de ис̧а elétrica. ENamina, também, a aplicação do 
empiégo dos aparelhos móveis e portáteis de rádio-comunicição. Mostra 
| os característicos técnicos próprios désse tipo de equipamento junto aos 
i vários modelos parada iso sob condições normais e tropicais. 
i 
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Until now gas has not been produced etliciently and profitably in a 
biological process from organic matter except in municipal sewage plants. 
It has been known for a considerable time especially from linvestigations 
by Buswell (USA), and proved in laboratory pilot plants, that methane 
gas can be obtained from farm wastes or other organic material. In 1947 
we have designed a plant to use any agricultural wastes, прие, straw, 
vegetable residues ete. as a source of energy. 


dogm eee ERA 


Figure 1 — BIHUGAS PLANT BREITENBURG — 4 fermentation tanks, 2 storage 
tanks for manure and a gasholder i 
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Tf fibrous material is used ir this biological process an accumulation 
of it takes place апа forms a thick floating layer. The main problem was 
to destroy this layer in order to get a good fermentation by the methane 
bacteria in agricultural gas plants. The normal installation. of. sewage 
plants cannot be used in larger agricultural gas plants because in full 
operation floating layers of a thickness of several yards will form very 
soon. The problem of loosening the solid floating layer has been solved 
by using a penetrating jet of liquid drawn Irom the bottom of the fer- 
mentation chamber. Fhe procedure has been improved in practical use. 

In western Germany there are a number of agricultural biological 
humus and gas plants (called Bihugas plants) in use today. The biggest 
one shown in figure 1 has a total fermentation silo capacity of 720 cubic 
meters (25,500 cu. ft.). The average daily output о! gas is 650 cubic 
meters (23,000 cu.tt.). The gas produced in these’ plants is used for 
cooking, boiling and heating on the farm, in green-houses and for tractor 
driving. 

Bihugas normally has a content of 62“ methane and 38€, carbon 
dioxide. Only traces of nitrogen, oxygen, hydrogen and hydrogen sulphide 
are present, The gross heating value ol this gas is 5,900 Kcals./cubic me- 
ter (== 660 TU уси. ft.) 

The content of hydrogen sulphide differs according to the raw pur 
terial used, Normally it is approximately 200 grams per 100 cubic meter 
(88 grains per 100 cu. It.). In a simple cleaning box the sulphur is entire 
removed, so there is neither unpleasant smell nor corrosion. This biolo- 
gically produced gas is extremely good tor driving cars or tractors because 
the octane figure is about 115, Investigations have been made on tractors 
which have run on Bihugas for years. In figure 2 such a 28 B. II. P. 
DEUTZ tractor is shown. It was stated by experts of the manufacturing 
lirm that the gas driven tractors were worn out far less than the Diesel 
driven ones. The main reason for this is that Bihugas is free of sulphur, 
hence Diesel oil used in western Germany has a sulphur content of 0,5 
to 1.0 percent in weight. 


On bigger plants it is useful to wash out the carbon dioxide because 
the grass heating value can be increased up чо 9,000 Keuls./cubic meter 
(1,000 7T Ufcu.tt.). By this the radius action of the tractors is enlarged 
too. Two steel cylinders whose total content is big enough to keep the 
tractor running lor about 9 hours are Hued. Bihugas is compressed by а 
compressor into large high pressure storage tanks up to 350 atm (5,000 
p. ». i.). The two steel cylinders fitted to the tractor have a pressure of 
200 aum (2,40 p.s.1.). 

Compresed Biliugas does not follow the ideal gas law. In fact the 
content in gas at а pressure of 350 atun is about 10€ higher than it 
should be according to the gas law. "Ehe content of the steel cylinders on 


ls ` | 
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| tractors with 200 aun is 25%, higher, Petrol engines сап be driven by 
Bihugas without any difficulty. Diesel engines need an installation for 
ignition. Two well known German tractor firms (Deutz and Hanomag) 
deliver their: normal tractors if required as gas tractors. A number of 
tractors of varying horse power rating are already running on several 
i farms. All of them have turned out extremely well. Even if the carbon 
dioxide is not washed out Diesel tractors had no loss in power running 
on gas. Naturally it is possible to use this valuable Bihugas for many 
purposes. The entire output of gas of a Bihugas plant in Bavaria is, for 
instance, used for generating electricity. A gas generator is running for 
i breaking the peaks in the consumption of electricity during working 
hours. 


On а farm in Germany carrying 100 cows the production will be 

a approximately 350 cubic meters (12,100 cu. t.) ol gas per day, providing 
that 10 kg ol chopped straw is used for litter per cow daily. “The pro 
duction of gas lor one year in such а plant amounts to 126,000. cubic 
meters (1,150,000. cu.tt.). This amount equals 93,000 hr (25,000 US 
gals.) of petrol. The comparison with Diesel oil gives ап equivalent. ol 
70,000 Kg. About 30% of the total amount ol gas produced is used tor 
heating and machinery driving inside the plant. Under warmer climatic 
conditions the amount used for heating the lernenttion silos is com- 
paratively lower. On a normal German tarm about 20-108 of the gas 
production is used for tractor driving, the remaining gas is available for 


Figure 2 — 28 B.H.P. DELTZ TRACTOR — driven by Bihugas tows a special 
trailer for distribution of manure, just being filled with manure from the 
storage tanks. In the foreground gas filling station from behind 
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other purposes, А larm with such a Bihugas plant is self sufficient in 
fuel and does not need any other supplies of energy. II Bihugas is used 
for cooking and heating purposes slight alterations of the gas-burner are 
necessary on account of the difference in velocity of flame compared 
with normal coal-gas. These special burners сап easily be obtained. Gas 
plants in Germany are not only built because of the power producing 
aspects. Many agricultural advantages are given by sucha Bihugas plant. 
Though production of gas is the main interest in this report several 
points of high agricultural importance should be mentioned here: 


l. Handling of the manure on a farm is entirely mechanized that 
means from the byre to the fields. The distribution is done by 
special sludge trailers.“ 

9. Fermentation takes place in airtight containers so there is no 
loss in manurial value especially nitrogen. “Therefore this manure 
i» of higher quality than normal manure. This has been proved 
by many tests and field trials. 


3. During fermentation the loss in organic matter is smaller than 
on a normal manure heap. Therefore also the quantity of ma 
nore available is higher than belore. ' 

+. During fermentation weed seeds will be entirely destroyed. 


The above mentioned advantages are sufficient to recover the total 
costs of a Bihugas plant in a short time. From the agricultural point of 
view Bihugas is a real byproduct and costs nothing. 


In western Germany, according to the latest statistics, about 5,000,000 
tons of cellulose and 350,000 tons of nitrogen are decomposed and lust 
per year from the manure heaps. This figure shows that in every country 
sufficient raw material is available and therefore gas plants are of great 
interest for the political economy. Out of the above mentioned figure of 
5,000,000 tons of cellulose about 4,500,000,000 cubic meters of Bihugas 
can be produced, This annual amount of gas is equivalent to 3,400,000,000 
lur (800,000,000 US gals.) of petrol. 


In western Germany much iarger quantities of waste material are avaj- 
lable a» potato haulms, maize straw, reeds cic, Moreover organic wastes of 
certain industries like slaughter-houses, destilleries, yeast factories etc. 
can also be used in Bihugas plants. In the tropics enormous quantities 
of organic wastes are obtainable to produce gas and valuable manure. 
Fermentation tests have, for instance, been made recently on sisal wastes 
in а Bihugas plant. It was proved by our investigations that sisal waste 
has to be regarded as а first class material tor fermentation, even better 
than manure. On à normal medium sized farm in Kenya or "anganyika 
an average amount of about 10 tons of dry sisal waste would be on daily 
disposal. It wis proved in many tests, that from I ton of sisal waste 400 
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cubic meters of gas сап be produced. This gives a daily production of 
4,000 cubic meters. of. Bibugas on a normal sisal farm. “Chis equals 3,000 
ler (800 US gals.) ol petrol per day or 1,080,000 ltr (290,000 US gals.) per 
year. It is obvious that this quantity of gas is [ar higher than the average 
consumption on a sisal farm including electricity. These figures. show 
that Bihugas plants are of high importance in the tropics because, far 
away [rom any supplies and power sources, termentation of organic matter 
opens up new resources of power which annually replenish themselves. 
| This power can be obtained from raw material which so lar was regar- 
ded as a real waste and was burned or thrown away. 


Studies have been made by us for years on fermentation of agri- 
cultural wastes. It must be pointed out, however, that Bihugas can be 
produced without manure of any kind. In this case the lermentation 
liquid can be obtained by addition of special nutritive salts to water. 
These salts must contain, like artificial fertilizer, nitrogen, potash, phos- 
phate etc. 


Though the development of the Bihugas process was not started 
before 1947, a good number of plants in western. Germany are running 
| already. For instance to-day a tractor сап be supplied with Bihugas from 
the different plants over a distance of more than 1000 km fram north. to 
south af western Germany. 


‘The Bihugas process takes no energy [rom stored supplies as coal or 
oil but irom organic material which annually is growing alresh. It pre- 
sénts а new way to sources al energy which now have been made neces- 
sible. 


SUMMARY 


A plant has been constructed in which, similar to. sewage plants, 
methane gas is produced by lermentation of all other kind ot organic 
matter. The development is completed so Far that a number of so called 
Bihugas plants are already running ou several German. farms. ‘The pro- 
duced gas is sufficient to supply the total need in energy. for the whole 
| farmi, “Phe gas is used dor domestic appliances, tractor driving and gene- 
rating electricity. АН kind of organic matter can be used in the Bihugas 
process i.e. manure, straw, vegetable wastes and айо organic wastes of 
certain industries. In the tropics huge amounts of organic material are 
available lor this process. Sisal waste has beet: proved. to be an ideal 
| raw. product lor lermentation. On a normal sisal kwm in Mrica the 
i possible output of gas equals 1,080,000 liy (200,000 US gals.) of petrol per 
| year. The Bihugas process tikes no energy trom stored supplies but 
| irom material which annually is growing atresh, 
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RESUME 


On a construit une installation au moyen de laquelle on extrait — 
coninie dans les clarificateurs pour eaux d'égouts des grandes villes — du 
méthane qui se dégage de matières en putréfaction. Le systeme et l'outil- 
lage se sont tellement perfectionnés qu'un grand nombre de ces installa- 
tions nommées "Bihugas" ont pu être mises en usage sur les propriétés 
agricoles d'Allemagne. Le gaz ainsi produit sulfit à tous les besoins en 
énergie d'une exploitation rurale. On l'emploie pour la consommation 
domestique, pour actionner des tracteurs, pour la production. d'énergie 
électrique. Le procédé “Bihugas” préte à l'utilisation de toutes sortes de 
substances organiques, du fumier, de la paille, des déchets de légumes 
ainsi que des déchets de quelques industries manufacturières. Enfin les 
régions tropicales sont abondamment pourvues de matières organiques 
prétant à la production de ce gaz. Les déchets de sisal, par exemple, 
donnent un produit de base excellent. En Afrique Ja production annuelle 
de gas sur une plantation moyenne de sisal équivaut à la quantité de 
1.080.000 litres d'essence. Le procédé "Ваша"? permet d'exploiter des 
ressources. d'énergie nouvelles reposant dans des substances organiques 
qui se régénèrent d'année en année, 


Resumo 


Construiuse uma instalação pela qual — como nos clarificadores de 
águas de esgóto das grandes cidades — metano. (gis dos pántanos) € pro- 
duzido pela fermentação de toda espécie de matéria orgânica, O apare- 
Ihamento se tornou de tal forma completo que grande número das cha- 
madas instalações “Bihugas foram logo sendo usadas nas propriedades 
agricolas da Alemanha. O gás assim produzido é suficiente para suprir 
as necessidades totais em energia duma exploração rural. É usado par: 
fins domésticos, para acionar os tratores e para a produção da energia 
elétrica. ‘ada espécie de matéria orgánica pode ser usada no proceso 
"Bihugas", isto ¢, estrume (adubo), palha, resíduos vegetais (legumes) € 
também residuos orgánicos de certas indúscri: Nas regiões tropicais, 
enormes quantidades de matérias orgánicas se prestam à produção do 
gis em questão, Os resíduos de sisal têm provado ser um produto não 
trabalhado (agreste) ideal para a fermentação. Numa propriedade agri- 
cola de sisal na Africa а produção possivel de gás chega а 1.080.000 ltrs. 
(290,000 gals. norte-americanos) de petróleo por ano. O proceso “Bihu- 
gas" não retira energia de materivis em depósito, mas de material que, 
anualmente, cresce ou regenerise. 
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1. QUE PEUT-ON DIRE AU SUJET DE L'ÉCONOMIE DE 
L'EXPLOITATION DE L'ÉNERGIE SOLAIRE? 


Au cours de ces dernières années, la question de savoir si et conunent 
la génération future sera en mesure de couvrir ses besoins d'énergie qui 
ne cessent| d'augmenter, est devenue un probléme qui intéresse aussi 
les régions tropicales et subtropicales 1) 2) 3). 

Bien que les conditions présentent de grosses différences dans tous 
les pays, la tendence générale montre que la demande directe de com- 
bustibles solides augmente à peine, tandis que celle qui s'adresse. aux 
sources d'énergie. plus évoluées accuse une montée vertigineuse. C'est 
li raison pour laquelle on s'occupe sérieusement. de la question. de 
savoir pendant combien de temps il sera possible d'assurer l'appro- 
visionnement de l'humanité principalement en gaz et en courant élec- 
trique, en руат recours aux méthodes de production actuelles. Autant 
qu'on en puisse juger et dans la mesure où il n'est pas obtenu sous la 
forme de gaz naturel, le gaz continuera à être produit à partir des com- 
bustibles solides ou liquides. Pour le courant électrique toutefois, il sera 
possible ex même nécessaire dans un délai plus ou moins rapproché de 
se rendre indépendant des stocks limités de combustibles et des réserves 
également limitées de force hydraulique naturelle. A cette effet, deux 
possibilités se présentent: l'exploitation de l'énergie nucléaire et des éner- 
gies naturelles issues du soleil, 


) Macher 11. 


2) Mueller. Hi : Das Aren — und Sortenproblem als ein Giundproblem in der 
Energiewirtsc . Praktische Enesgickunde Heft 2. 
3) Mueller Hy F.: Kosten, Werte und Preise in der Energiewirtschaft, Praktische 


Energiekunde 105253, Heft 3. 
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Si elle gagne en importance, cette seconde voie le f surtout. dans 
les régions tropicales et subtropicales. Des essais remarquables ont déjà été 
effectués à ce sujet et il semble qu'il soit nécessaire d'y accorder tout 
l'intérét voulu. La deuxième partie de cet exposé s'occupe des lors de 
la restitution du niveau atteint aujourd'hui par l'exploitation de l'énergie 
solaire et de ses possibilités techniques. 


On ne peut pas encore dire grand chose au sujet de l'économie du 


développement des divers procédés à décrire. Le prolit de l'examen pour- 
rait étre anéanti s'il n'était pas possible d'indiquer au moins les facteurs 
qui déterminent l'économie dans le cadre du développement attendu. On 
ne tardera pas de constater que les conditions pour une marche écono- 
mique des installations destinées à l'exploitation de l'énergie solaire ont 
pris un tout autre aspect ces derniers temps et pourraient encore subir 
certaines modifications à l'avenir. 


D'une facon générale, certains auteurs prétendent encore que: de 
telles installations ne peuvent ¿tre prises en considération pour les ré- 
gions tropicales et les zónes limitrophes, pour des raison d'économie. 
Néanmoins, chaque état se trouve aujourd'hui devant la question de 
savoir comment il pourrait se rendre maitre du besoin d'énergie si ce 
dernier continue à suivre le méme cours que pendant ces dix dernières 
années. On ne peut donner de réponse d'application générale à cette 
question si les conditions pour le développement dans tous les pays et, 
à plus forte raison, dans diverses zne» géographiques, présentent des 
différences considérables. On doit donc examiner pour chaque région 
séparément quels sont les facteurs qui déterminent le développement. 


En premier lieu, on peut dire d'une façon générale que des distinc- 
tions strictes sont à faire entre le besoin d'énergie et le besoin de sources 
d'énergie. L'énergie, c'est ce que l'humanité doit et. veut avoir sous les 
formes les plus diverses; les sources d'énergie, ce sont le charbon, l'huile 
minérale, Je gaz et te courant électrique. L'homme n'en a pas besoin 
d'une facon directe, mais elles lui sont nécessaires car elles lui permettent 
d'obtenir de l'énergie sous la forme désirée. И faut encore y ajouter le 
besoin de générateurs d'énergie qui sont les appareils et les machines 
dans lesquels doit sellectuer he transformation. de l'énergie et sans les- 
quels l'homme ne peut tirer parti des sources d'énergie à sa disposition. 


Pour ce qui est des deux points suivants, il est nécessaire de décrire 
en détail et d'analyser la demande et l'offre, et de précieuses indications 
à cc sujet sont données dans le présent alinéa, Une importance parti- 
culiere revient aux débours que le consommateur. prend ou doit prendre 
à sa charge pour couvrir un certain besoin d'énergie. Hs dépendent des 
prix des sources d'énergie, de ceux des transformateurs d'énergie et de 
ceux du capital. Ce n'est qu'apres addition qu'ils donnent les irais invi- 
sibles en soi et souvent dillicilement estimables entrainés poar l'utilisa- 
tion de l'énergie et que nous appellerons “prix de revient de l'énergie". 
Si. comparé au pouvoir d'achat de lu monnaie, le niveau général des 
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prix de revient de l'énergie est élevé, le besoin prend une importance et 
une tournure autres que sil ем bas. On en a pas tenu compte jusqu'à 
prés nt à l'occasion de la plupart des discussions relatives à cette question. 
Оп: peut constater des differences analoguzs si les prix de diverses sources 
inergie dans un pays déterminé se comportent entre eux autrement que 
dal 15 un autre, ou si les prix des appareils et du capital different sensi- 
blement les uns des autres. Ceci devra également ¿tre illustré par des 
exei mples. Des relations comparables des pris de revient de l'énergie 
n jont cependant, en aucune façon, pour conséquence des «ev nn 
similaires. Le climat, les matières premières et le caractère de la popu- 
lation | exercent une influence considérable sur le besoin d'énergie. Ce- 
laici agit sur l'offre tout comme les prix de l'offre ont une intluence 
sur Je besoin. C'est précisement cette influence réciproque X aspects 
lest: plus variés qui détermine l'économie des divers procéc dans le 
cadre: du développement général. 

n quatrième groupe de facteurs, à savoir le développement du 
pi ys de sa population et de son économie, est également d'une impor- 
lancé capitale pour la solution de ces questions. Naturellement, le besoin 
[шг d'énergie dépend Iui-aussi de tous ces facteurs, des tournures prises 
par. Ja situation économique, etc. Un examen sur le plan économique 
peut, à v dire, donner certains renseignements sur Pintluence de ces 
facte irs mais non sur leur développement au cours des années futures, 
Се serait plutôt du ressort de Vérude des conjonctures, des disciplines 
biologiques, géologiques et autres. On s'abstient en général de toute 
prédiction | concrète. Ceci devrait étre pour l'économiste un avertissement 
l'invitant à ne pas émettre de pronostics économiques comme il le fait 
he [üemment. L'économie de l'énergie à. uniquement à établir comment 
se éveloppe le besoin d'énergie dans des conditions données et de quel- 

les conditions dépend une satisfaction sullisante et économique du besoin 
question, Elle n'est pas compétente pour trancher da question de 
ir si telle ou telle condition sera donnée sous une forme ou sous 
дасе, 


2. LE PROBLÈME DES SORTES 


i. dans deux pays, on constate une consommation de beurre três 
ente par ménage, ON peut za peine ima iner que le beurre puisse 
sting à des usages autres que l'alimentation et on pourra rendre 
rue d'un peuple responsable de sa consommation de beurre. H 
а tout autrement. pour le besoin d'énergie. II existe ici des possibi- 
três différentes pour Putilisation de l'énergie, possibilités qui ont 
“ns ou n'ont meme aucun rapport. entre ше comme, par exemple, 


lay lumiere pour éclairer ou ivradier (plantes), la force motrice pour les 
cammunications, pour remplacer le travail humain ou pour tous les pro- 
cédés possibles de façonnage, Та chaleur pour fondie, rougir, chaulfer, 


cuire, etc. Nous les appelons "sortes d'énerg 
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Les différences dans de besoin d'énergie peuvent donc se présenter 
sous deux aspects; il peut s'agir de consommation. importante ou minime 
d'une seule et méme sorte où de consommation de sortes absolument 
différentes (différences de quantité ei différence de forme du besoin et 
de la consommation). Ces questions essentielles de l'économie de l'énergie 
ont également été quelque peu négligées jusqu'ici. 

Pour les régions tropicales et subtropicales, la sorte d'énergie “chaut- 
lage des locaux" ne sera quantitativement pas aussi importante que pour 
d'autres régions: la demande d'énergie "éckiüirage" sera, d'une part. autre 
que dans les zones nordiques en raison du peu de différence entre l'été 
et l'hiver, et accusera, d'autre part, une augmentation sensible dans les 
nuits d'été là ой il est presque imposible de travailler le jour pendant 
les chauds mois d'été 4) *)9) 7). 

Toutefois, de telles. diflérences conditionnent stimation des 
sortes. Afin de favoriser lu croissance des plantes par irradiation, ou sera 
prét а certains sacrifices dans les pays nordiques, alors que ceci n'offre 
aucun intérét dans les régions tropicales: mais pour voir dans l'obscurité, 
on sera prot partout à des débours relativement élevés, H est évident que 
le» sortes d'énergie qui sont peu estimées, ne sont pas utilisées si le nive: 
du prix de l'énergie est élevé. Elles n'apparaissent pas "sur le marche’ 
nous ne le renarquons que plus difficilement que dans le cas d'autres 
biens économiques, car il n'existe pas de “marché” visible pour l'énergie, 
mais uniquement pour les sources et les transformateurs d'énergie dont 
il faut tirer les conséquences que l'ont applique au marché de l'énergie, 
Certaines branches entières de l'industrie, telles que par exemple ta pro- 
duction de Paluminium, ne pourront jamais se développer dans les pays 
qui ont des pris trop élevés pour le courant, faute de lorce hydraulique 
bon marché. La consommation d'énergie de la population peut, pour 
de simples raisons de ce genre, étre beaucoup plus basse que dans d'autres 
pays, sans que ceci veuille dire chose qui a déjà été maintes fois гере 
que le standing est intérieur ou que la technique est moins développée. 
La consommation d'énergie se limite toutelois aus sortes qui sont de 
plus grande valeur et dont on utilise des quantités moins considérables. 


D'autre part, il. peut arriver que dans les pays où, pour des raisons 
naturelles, le besoin de certaines sortes d'énergie est moins élevé que 
dans d'autres, Punité d'énergie pour ces sortes est estimée à un niveau 
supérieur. Dans les pays nordiques, le besoin de chaleur pour le chaut- 
fage des locaux est généralement nès élevé et on n'aceorde que peu de 


4) Linge K.: Die Wannepumpe im Rahmen der knerglewirtschaft. Zeibeheitt des 

Bd. 88, H. 5 6. 1944 

5) Die Wärmepumpe аһ Eneigiekonsument— Elektrirititsverwertung. 1951 Ней D. 

ti) Diese W Vhermodynamixhe Grindlagen dei W¿rnnepumpe. Energie, Bd. n. 

7) Erich C. K.: Die Warmepunipe, Das Gas - und Wasscifach 1919, Molina 
heizung mittels Wáürmepompce. BWBrennstotl = Wärme + Krai B W Ку nd. 2 
dE 5. 143, 
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m 1 
valeur à Vunité de chaleur de la sorte "chauffage", de sorte qu'on ne 


peut avoir recours qu'à des combustibles bon, 
pour laquelle on est obligé d'accepter un cer 
fage. 


3. LE PROBLEME DE L'ÉTABLISS 


marche. C'est la raison 
n "inconfor'' du chauf- 


[ENT DU PRIX 


. E RARE б ço В 
Ce sont donc des objets de natures três diverses (sortes. d'énergie) 
qui sont utilisés à cet effet. Les marchés pourjtous ces biens, qu'ils soient 


+, " . + D irj 
visibles ou invisibles, sont également trcs ditte 


fréquemment négligée car seuls quelques rar 
lun de l'autre à premiere vue, attirent Vaticn 


contre ici des formes de marché ауес un carpet 


i 


rents. Cette diversité. est 
si marchés, indépendants 
tion en général. On ren- 
{тс de monopole à cote 


d'autres où regne la libre concurrence. En hin ils sont. trés étroitement 


liés l'un à l'autre. Pour Гес! 


airage clectriqi ф 


le consominateur dépend 


dans une large mesure des services d'appre yisionnement officiels alors 
qu'une libre concurrence regne en ce qui concerne les lampes. Une 
libre concurrence терпе pour la préparation de l'eau chaude, également 
en ce qui concerne les sources d'énergie. Unc offre favorable de courant 


et de gaz pose comme conditon primordiale 
courant et que Гоп cuise avec le gaz. Les pri 


que Von éclaire avec le 
: l'otfre dépendent donc 


d'une façon unique en son genre des forts 95 industrielles. appliquées 
pour répondre aux besoins de sortes d'énergie souvent tres différentes au 


moyen d'une ou des plusieurs sources d'énergie 
particulièrement intéressante que l'établissemen 


pir exemple, obéit plutôt aux conditions des 


marchées monopolisés , 
Hen résulte que le niveau gener des pr 
pur rapport au pouvoir d'achat au cours de 


“Ceci a pour conséquence 
t du prix. pour l'éclairage, 
marchés libres que des 


pour l'énergie а accuse, 


ces dernières dizaines d'an- 


nées, une tendance à Та baisse dans la plupart; des pays. La demande 


d'énergie 
dance ш: 


qute à l'abandon des sources et ra 


а P : n i 
a des lors augmente quantitativenjent €t on constate. une ken- 


n$lorimateurs d'énergie de 


peu de valeur au profit des sources et tranmsjorniateurs d'énergie de qua- 


lité. Qn en arrive ainsi au fait, de 
mande de combustibles solides est à peine thig 


à mis em reef au début, que la de- 


hée directement par l'auge 


mentation du besoin et que. par conte, la demande qui s'adresse aux 


combustibles plus évolués — en particulis 


ros az et le courant 


ectrique 


A P n. . ab : Я 
е, prend des proportions mauierautes. Cec doit provoquer aes pliéno- 


ménes de rarilication et partant une modifi 
des relations des prix entre eux sur des ma 


tion du niveau des prix et 
«пе de lénergie. D'une fa- 


con générale, l'énergie devra devenir plus chérq absolument et relative: 


ment au pouvoir d'achat, et les sources dne 


H " 11 
и baisse dans certains pays au cours de ces dern 


aux combustibles solides, vont voir leur valeu 


rgie évaluée dont le prix 
¡eres années par rapport 
relative augmenter. Lors 


5 . a vo 1 2 + 
de l'exploitation de nouvelles sources d'énergie, les points de vue de la 


concurrence n'auront plus de valeur décisive idi 


n$ le sens qu'on leur attri- 


H . . RE H . E М 
buait auparavant. Le point capital sera la question de savoir si les frais 
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d'installation qui semblaient indiscutables jusqu'ici; peuvent аге encore 
plus économiques en raison de la demande accrue de sortes d'énergie de 
valeur. 


4. LA POMPE CALORIFIQUE À TIRE D'EXEMPLE DES PARTI- 
CULARITES ÉCONOMIQUES PRÉSENTÉES PAR LES RÉGIONS 
TROPICALES ET SUBTROPICALES DANS LE DOMAINE 

i DE L'ÉNERGIE 


Le rendement de la pompe calorifique dépend principalement du 
niveau de température qui doit ге vaincu, Si on exige que la tempé- 
rature soit portée de 10 à 80º (. environ, la pompe calorifique travaille 
dans des conditions bien plus défavorables que si on ne demande qu'une 
température de 409 C. On sait en outre que l'utilisation de Ja pompe 
calorifique se heurte fréquemment aux frais élevés occasionnés par la 
construction de l'installation. Une longue durée d'utilisation est donc 
la première condition d'économie. Outre l'emploi pour le chauffage 
des locaux et la préparation de l'eau chaude, on prendra donc aussi en 
considération l'utilisation de la pompe caloritique pour la réfrigération. 
On construira également l'installation. de facon à couvrir la charge de 
base, tandis que les pointes de {то éventuelles devront être couvertes 
par des chaultages supplémentaires. Toutes ces conditions peuvent être 
remplies dans les régions tropicales et subtropicales bien plus aisément 
que dans d'autres. 

0.05 


DM/1000 Kcal/h 
0,05 | 


0 0,05 00 05 ac DM KWA 
—— 1. .— | 
0 50 100 BI im DM 
Fig. ! — Comparaison des frais généraux pour un chauffage central 


et une installation de pompes calorifiques 
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La fig. 1 donne une comparaison entre les frais généraux d'exploi- 
tation ramenés à 1000 unités caloriques/heure pour un chauffage central 
et une installation de: pompes caloriliques avec un rendement de 1 mil- 
lion d'unités caloriques /heure. Ici et dans l'exemple suivant, on a admis, 
pour la pompe calorifique, un point d'évaporation de l'ordre de 09 C 
et une température. de liquéfaction de 409 C. On a prévu également, 
pour le dégagement de la chaleur, des radiateurs constitués de tuyaux à 
ailettes. Les frais d'installation du chauffage central ont été supposés 
s'élever à DM 110.000.—, ceux de la pompe calotifique à DM 220.000.—, 
le service du capital à 15%, le rendement du chauffage central à 80% 
et le chiffre de rendement effectif de la pompe calorifique à 4,7. Les 
résultats doivent étre compris, er. premier lieu, dans leur ordre de gran- 
deur et dans leur relation entre eux. La fig. 1 permet de constater que 
les frais totaux s'élevent à Dp! 1,75 pour 1000 unités caloriques/heure 
pour le chauffage central si on prend: pour base une durée d'utilisation 
de 2000 heures et un prix de DM 50.— pour la tonne de charbon; on 
arrive au méme résultat. pour 1000 unités caloriques/heure avec la pompe 
calorifique si le prix du courant est inférieur à Dpf 1/kWh. Mais avec 
le prix actuel du charbon qui s'élève à DM 125.— la tonne dans de 
nombreuses régions peut encore être considéré comme trop favorable, 
un prix équivalent de Df 7/KWh pour le courant serait encore sup- 
portable. 
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e yt 
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Fig. 2 — Installation de 10.000 unités caloriques heure 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Un calcul analogue a été effectué dans la fig. 2 pour des installations 
de 10.000 unités caloriques/heure seulement. De nombreuses pompes ca- 
lorifiques de cette importance sont en service aux U.S.A. II y aurait 
lieu de dire ici que les frais. entrainés par les installations de pompes 
caloriliques avec des rendements aussi réduits (petites maisons) sont qua- 
tre fois plus élevés que ceux résultant du chauflage central à eau chaude: 
ils sont 2,5 plus élevés pour 100.000 unités caloriques/heure et 2 fois 
plus élevés pcur 1 million d'unités caloriques/heure. Dans la fig. 2, on 
a pris pour base un rendenient de 60%, un chiffre effectif de 3,64, un 
service du capital de 1595. La comparaison peut бїгє effectuée pour 
différentes hauteurs des frais d'installation et de la durée d'utilisation, 
en prenant aussi en considération la possibilité (méme si elle n'est que 
conditionnelle) d'employer la pompe calorifique pour la réfrigération. 
Le diagramme de Ja fig. 2 montre: 

Au-dessus de la durée d'utilisation, par exemple de 2000 heures, des 
ordonnées coupent d'abord la courbe des frais de capital d'un chauftage 
central; pour des frais d'installation de DM 2.000.—, soit donc au point 
l. Les irais fixes pour 1000 unités caloriques, heure s'élevent dans се 
cas à Dpi 1,5. (point 2). Le méme rendement entraine en cas d'utilisa- 
tion d'une installation de pompes caloritiques coütant DM 8.000.—, des 
frais fixes s'cievant à Dpf 6.— (points 3 et 4). Avec un prix de DM 200.— 
la tonne de charbon, on arrive à un débours total de quelque Dpi 6,5 
pour 1000 unités caloriques/heure (point 5 se trouvant sur la droite poin- 
tillée donnant la montée des Irais d'exploitation totaux pour 1000 unités 
caloriques/heure en. fonction du prix du charbon); cette dépense limite 
le prix Чи courant équivalent а Ор 1,5 environ Je kWh (point 6 se trou- 
vant sur da droite en "(ait point" donnant la montée des frais d'exploi- 
tation totaux pour 1000 unités caloriques/heure en fonction du prix du 
courant). П est aisé d'extraire du diagramme des conditions plus favo 
rables ou plus détavorables. Sous ce rapport, le point important n'est pas 
constitué par les relations des prix charbon/courant ou petite. installa- 
tion /grosse installation, mais par la dépendance existant entre l'économie 
et le taux d'intérêt, Si on prenait pour base, au lieu de 15% un service 
du capital de 14%, les hyperboles des frais fixes auraient une marche 
absolument différente, Le point 2 sé trouverait à Dpi 1,4, le point 5 à 
Юр 6/1, le point 6 à Dpt 5,6 et le point 6 au-delà d'un prix du courant 
de l'ordre de Юр 2,4 le kWh, Cesta-dire de 60% plus élevé que prece 
demment. En d'autres termes, une installation d'énergie qui est inrenta- 
ble sur un marché avec de da "monnaie chére", peut спе économique 
sur le méme marché avec de la “monnaie bon marché”. 


5. CONCLUSION 


Nous avons ainsi trouvé un point de départ pour iépondre à la 
question de savoir si et dans quelle mesure de tels procédés peuvent être 
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économiquement rationnels pour la production de courant! 
n'ont pas ou n'ont été qu'à peine pris en considération! 
faits suivants sont déterminants: 


1. la constitution qualitative et quantitative du beso 
d'énergie, i 
2. Ja constitution qualitative et quantitative de Voffr 
d'énergie et de transformateurs d'énergie, 
3. le rapport des prix des sources d'énergie au prix di 
4. le rapport du prix de l'énergie en résultant au pow 
cu à la productivité. 


П a été démontré que ces facteurs pouvaient, dans certains” 


dans les régions tropicales et subtropicales une importance 
différente de celle qu'ils auraient dans d'autres zones. | 

Le maintien de la vie sur la terre nécessite de Vener, 
trouve son origine dans le rayonnement solaire qui, depuis} 


H А ^ 7111 » n А | 75 
voire méme peut-être des milliards d'années, résulte presque ys 
tions de la naissance de V'hélium à partir de l'hydrogène. ||| 


conditions atmosphériques défavorables doivent aussi être p 
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sidération. Chaque individu dispose donc d'une facon directe) et cons. 


tante de quelque 7,5 kw. Pour couvrir ses besoins d'énergie, į 
recours à des sources indirectes plus accessibles telles que le [4 
gisements de combustible, là force hydraulique et le vert hb 


B) Grassmann P, : Die Erschliemng des Energiequellen der Erde. Brest 
‘Kraft (BWK) Bd. 1 (1919) S. 579. 
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6. LA CONSOMMATION D'ÉNERGIE DE L'HOMME 


Elle comprend l'alimentation, la chaleur el la force motrice et est tou- 
jours exprimée ci-aprés en chiffres sous forme d'énergie électrique en kw. 

En ce qui concerne l'alimentation, l'homme a besoin en moyenne 
d'environ 0,12 kw à l'heure, ce qui représente 2.400 à 3.000 calories en 
vingt-quatre heures, suit 3 à 4 kwh. Son besoin de force et de chaleur 
varie en fonction de la position sur la terre, du modus vivendi et du 
niveau de civilisation. Des 2,3 milliards d'individus qui constituent la 
population du globe, 0,3. 10 sont nomades, 1,3.10? vivent dans des ha- 
bitations fixes et 0,2.10º dans des huttes. Dans les zones centrales à la 
population la plus dense qui donnent asile à quelque 1,5.10" habi- 


tants, la consommation peut — si on prend pour base le niveau de 
culture actuel — s'élever à 2 ou 3 kw par heure et atteindre une va- 


leur moyenne de 60 kw par vingt-quatre heures, ce qui représent en 

chiffres ronds 20.000 kw par heure, soit une consommation totale d'éner- 

gie de 1,5.109,20.000 = 30.10% kwh. A l'heure actuelle (1950), on dis- 

pose de 2,10'% kwh d'énergie électrique proprement dite, le reste étant 

fourni par le charbon, l'huile et le gaz. En considérant le niveau du 

développement atteint aujourd'hui, on peut s'attendre à ce que ces sour- 

ces s'épuisent un jour et à ce qu'on en soit vraisemblablement réduit à 

l'exploitation de lénergie solaire directe transformée en énergie électri- Й 

que. La préférence accordée à l'énergie électrique par le monde civilisé qui 

délaisse le charbon dans une mesure croissante, est une raison supplémen- 

taire pour s'attacher à la transformation de l'énergie solaire en électricité. 
De nombreux calculs ont été effectués par Н. Steiner") et autres 

sur l'accroissement rapide de la consommation d'énergie électrique et les 

résultats en sont repris dans le tableau suivant. 


TABLEAU | 


ESTIMATIONS DE L'ACCROISSEMENT DE LA CONSOMMATION 
as EN KWH PAR HABITANT ET PAR AN 


Probable Possible 
Nile 8 200 500 
NUI 2.000 8.000 
Matériaux de construction. 300 2.000 
Commerce et industrie ...................... 2.000 2.500 
Autres branches de l'économie ............... 5.000 10.000 
Transports 500 10.000 
Eclairage, cuisine et appareils ménagers ...... 1.000 2.000 
Chauffage et installations frigorifiques ....... 3.000 10.000 

: 15.000 45.000 
Ф) Steiner II.: Tendenzen de Stomserbrauchweniwicklung. Klektriziqgewirtchalt. 


Vol. 52. (1953) page 283. 
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énergie solaire de 75 kw sur le Mont Louis dans tes Pyrenees 
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€t sur le Mont Wilson. Ces centrales purent sans contredit être mises en 
service, mais elles ne furent pas rentables car elles зго абст aucune 
possibilité d accumulation, Les circonstances sont essentiellement plus 
favorables dans le cas de ja station d'essai de rayonnement solaire de 
75 kw construite dans les Pyrénées) 1t) fig. 3, et équipée d'un miroir 
parabolique de 120 mètres carré, Cette énergie est utilisée pour produire 
des températures particulièrement élevées destinées à des fusions spéciales 


TABLEAU 11 


FORCE "1 HERMO- ELECTRIQUE EV 'LÉNERCGIE CALORIQUE 


PROFERTIAS AND PERFORMANCE ОР POSSIBLE THERMO-ELECTRIC SYSTEMS 


Electrica! 
Rasistivicy 


91°, Bismuth 
LM Antimony 
Antimony 


Zinc.Antimony 
ga Zn. to 
5°, Sb.) 
Constantan 
Zn-Sb ()$*,-45*,) 
with small 
amounts of tin 
or silver 2700 « 10-* 


Constantan 49 x 10-* 


20-420'C. 


— — 


Zn-Sb 84-48 
with small 
amounts of tin 
or silver 2700 2 104 


Lead Sulphide 
with excess 
lead 11000 > 10-6 


10) Solar Power in the Pyrenees Life, 28 mats. 1933 Intent Edition) page 10 
€t suivantes, 

11) Die Soaneneneigie Anlage in Frankreich. Naturwisenscliaftliche Rundschau. Vol. 6 
(1953) page 199 et suivantes, 
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et usages а 


alogues. L'installation. est à méme de fonctionner 250 jours 
par an environ et travaille avec des temperatures pouvant atteindre 
3.0009 C. 

b) Essais: portant sur la force thermo-électrique 


Une mise à profit de le rayonnement solaire appliquée depuis long- 
temps déjà dans certains appareils expérimentaux est sa transformation 
en énergie électrique par l'intermédiaire de thermoclêments. La ditti- 
culté réside ici dans le fait que la «тепсе de tension électrique par 
cellule est trés réduite, de l'ordre de quelques nucrovolts par degré cen- 
tigrade. C'est la raison pour laquelle seules peuvent ètre prises en con- 
sidération les machines dans lesquelles plusieurs milliers de points de 
soudure sont disposés en série. П en résulte toutefois simultanément l'in- 
convenient d'une résistance relativement élevée qui provoque la perte 

TABLEAU 11 
LES EFFETS UTILES DE SEMECONDUCTEURS 
PROPERTIES OF SOME USLFUL St MICONDUCTORS 


» 
| Electrical Thermal Thermo · electr. e 
Material resistivity at conductivity | power referred 
Watts to copper 
C. em. mv] C. 
Stannic Oxide 0.17 0.01 +200 
Zinc Oxide 0.02 0.01 -400 
Lead Sulphide (pura) 30: 0.01 700 
Lead Sulphide with excess lead 0.013 0.015 -300 
Lead almost pure 2.2 0.01 510 
Titanium Sulphide 7.0 0.01 -50 
Cuprous Sulphide 005 0.01 280 
Cuprous Sulphide with. excess 
copper 33.3 001 620 
Cuprous Sulphide with excess 
sulph 0.005 0.01 80 


de la majeure partie de l'énergie électrique en cas de court-circuit. Des 
savants américains 12) ont démontre récemment dans des essais qu'il était 
possible de produire des forces thermo-clectriques de 200 à 700 micro- 
volts par degré centigrade en ayam recours à des alliages appropriés 
(Tabl. II et 111). Malheureusement, da conductibilité électrique donne 
une courbe généralement parallèle à celle de la conductibilité calorique, 
bien que des essais aient permis de démontrer également ici que des for- 
ces thermo-électriques de 200 à 300 micro-volts par degré centigrade pro- 
current des elfets utiles de 6 à 106; de l'énergie calorique introduite, ce 
qui correspond au rendement effecti de la machine à vapeur en 1900 
ou à celui de fa locomotive moderne, Mentionnons avant tout ici Fou- 
vrage de M. Telkes 13). (Fig. 4) 


fih Маши Vir Thermo Electo Generation of Usctul Power. Dira Cunent 

( 2) page 10 à Is. | 

13) Теке Mani The Elicieney of Thermo. Electric Generator. Journal of Applied 
Physics (0917) I8 pp, pages Lilo à 1197, i 
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| 
€) decumulateiis de chaleur | 


| 

Aux U.S.A., une série de services et instituts scientifiques, s'occupent 
de Faccumulation de la chaleur solaire et de sen utilisation pour la cli- 
matisation des habitations ainsi que pour certaines applications dans lin- 
dustrie chimique. La difficulté réside principalement dans l'obtention 
d'une accumulation, sans pertes exagérées d'une quantité de chaleur suf- 
lisamment grande pendant des semaines et ele mois. On y arrive dau- 
tant plus aisément que plus élevé est le pouvoir d'absorption de la subs- 


m 
^ 
k 


CENIRATOR THERMAL РАГУ 


E 


iw ii 
TEMPERATURE. reer A JUNCTIONS 


Fig. 4 — Variation de l'effet utile thermo-électrique 
1 


tance accamulatrice et que plus grandes sont les dimensions de Vaccumu- 
leur lui meine. Le sullate de sodium (Na4SO, + НО) a particulicre- 
ment fait ses preuves à cet eflet, Au-dessus de 329 C, cette solution pos- 
sede, à l'égard de la chaleur, un pouvoir ic »^orption huit fois plus 
élevé que celui de l'eau. Des maisons ont déjà cte équipées. d'accuimula- 
teurs de chaleur au sulfate de sodium de ce genre et, autant quon a pu 
en juger jusqu'ici, ces installations donnent dntiére satisfaction. Certaines 
publications spécialisées dans ce domaine alfirment que 10% des habiti- 
dons seront. équipées de cette manière d'ici une vingtaine. d'année 14), 


1 
| 
| 
14) Solar Energy, ACEN St Report, Chemical and. Engineering News Vol. 3! 019533 

n. 20, pages 2056 а 2060. | 

| 

| 

| 

1 

i 

| 
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L'équipement des canots de sauvetage de dispositifs uamdormant l'eau 
salée en eau potable sous l'effet de la radiation solaire, représente une 
aune application. intéressante et importante de l'énergie solaire, 


8. ACCELERATION DES PROCESSUS BIOLOGIOUES 
PAR L'ÉNERGIE SOLAIRE 


L'ensemble de la vie sur la terre repose sur la production d'hydrates 
de carbone à partir des éléments рш». Ce processus biologique peut, en 
principe, étre expliqué par la formule 6 CO; ＋ 6 H.O >> (41112005 +60. 
soit donc acide carbonique + eau = hydrate de carbons +. охудепе . y. pe- 
tites calories. П а pu être établi qu'en se trouve ici en présence d'un 
processus de quanta ап cous duquel ces 112.000 petites 
molécule doivent спе utilisées sous forme d'énergie 
irradice. 


calories par 
solaive ou lumineuse 


1 


[Ec OIM 


СА 1 4 
en rente 


Fig. 5 — Courbe ascendante de l'énergie solara 
en cas d'alternance *lumierc-coscurité'" 


M s'agit ici d'un double phénomene de quanta pour lequel, d'une 
part, la, lumière est nécessaire pour fixer Fhydrate de carbone et, d'autre 
part, le processus. complet n'a pas besoin de lumiere, de la chaleur étant 
libérée par la séparation de l'oxygène qui produit alors les 112,000 cae 
lorie, molécule, Ce second processus se déroule 
être suivi d'une façon particulitrement aisée si on fait et supprime la 
lumière alternativement (Fig. 5). H s'est avéré que ce procesus pouvait, 
en vases de réaction appropriés et dans des conditions biologiques ade. 
quates, étre conduit d'une façon considérablement plus économique que 
lorsqu'il se déroule normalement dans la nature et on a déjà réussi, dans 
des stations expérimentales spéciales, à produire 125 tonnes d'algues par 
hectare, La question de savoir si cette méthode est ki plus rationnelle pour 
produire. des. produits alimentaires ou fourragers ou encore du combus- 
tible, n'a touteloís pas encore pu être celaircie 1%) 16) 


dans l'obscurité et il peut 


— — 


15 Burk D. et Warhaig O.: Fin-Ouanten-Reaktion und 
der Photosynthese, Zeitschr. f. & 

16) Warbing O.: E 
page 337. 


Kieisprozcss dei Energie hei 
aturfor hung. Vol, b ID) pages 12, 134, 
get ik der Photosynthese, Dic Naturwiscnschatten, Vol 
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RÉSUMÉ 


| П ressort. de l'exposé ci-dessus qu'il existe une série de processus 

utilisant directement Ja radiation solaire. Le transport de l'énergie du 
| lieu de production au lieu de consommation peut, le cas échéant, se 
i faire au moyen de lignes à tension constante. On peut aussi eminaga- 
| siner l'énergie dans des accumulateurs ou la transformer sur place en 
i énergie chimique. Cet exposé se bornera à mentionner quelques sources 
; bibliographiques à ce sujet. Une importance beaucoup plus grande doit 
| étre attribuée au fait que la WPC (Conférence Mondiale de l'Énergie) 
s'est chargée de cette mission pour en faire une réalité dans un avenir 
plus ou moins rapproché, 


SUMMARY 


| There аге a number of processes utilizing sun radiation direct. The 
: transmision of the energy from the generator to the consumer may be 
| made by means of d.c. lines. However, energy can also either be loaded 
on batteries or converted on the spot into chemical energy. This article 
will quote only a few literature references on the subject, while esential 
importance should be attributed to the fact that also the WPC concerns 
itself with this task in order to realize it within a reasonable lenght of time. 


i Resumo 


А monogralia em questão evidencia a existencia de vários processos 
' que utilizam ditéetamente а irractiação solar. A transmissão da energia do 
gerador elétrico ao consumidor pode ser feita por meio de linhas de ten- 
são constante. Pode-se também acumular a energia em acumuladores ou 
| transformá-la пи ocasião em energia química. А imonogralia se limitará 
i em mencionar algumas fontes bibliográficas sòbre o asunto. Uma impor- 
tância muito maior deve ser atribuida ло tato de que a WPC (Conlerén- 
cia Mundial da Energia) se encarregou dessa missão para dela fazer uma 
realidade num futuro anais ou menos próximo. 
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1 
| 


| 
1) INTRODI IGCTION 


Les problémes posés par la conceptian d'une centrale hydro-clectri- 
que en pays tropicaux n' appellent pas de solutions radicalement diffé- 
rentes de celles que Von envisage cour añunent au Nord où au Sud de 
l'Amérique ou en Europe, par exemple: ib n'en reste pas moins que ces 
solutions doivent souvent composer avec des sujétions inconnues dans les 
régions de climat. tempéré. j d 

C'est par l'examen rapide de ces sujetions à kı fois géographiques et 
humaines que nous aborderonms notre note; nous montrerons ensuite dans 
quelle mesure elles peuvent intervenir aux divers. stades de la concep- 


tion d'une centrale hydro électrique. d 
La documentation et l'expérience qui sont i à da base de nos renuwgues 

ont été surtout recueillies au Congo Belge; nous n'étendons done pas 

systématiquement nos. conclinions it tous es pays tropicaux. 


I) LES FACTEURS GEOG RAPHIQU EN EU HUMAINS 


Les régions que nous envisageons cómportent, non seulement. les 
zones tropicales, mais atasi les zones ¿quatoriales, soit d'une manière gé- 
nérale, les zones comprises entre les deus (tropiques et que nous appel- 
lerans intertropicales. 


| 
| 
| 
| 
| 
| 
| 
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NLA GEÉOGRAPIBIE PHYSIQUE 
1) Le Climat 


Le climat est essentiellement régi par le mouvement apparent du 
plan de l'écliptique solaire; il en résulte une remarquable périodicité an- 
nuelle de tous ses facteurs dominés, domme on le sait par des tempera- 
tures généralement élevées et des pluviosités extrémes. La physionomie 
du climat varie avec les latitudes, elle peut encore être modifice par des 
conditions locales de situation par rapport à la mer, et de relief. 

Précisons quelques éléments du climat susceptibles d'intervenir dans 
l'étude d'une centrale hydro-électrique. 

Le tableau 1 donne diverses valeurs caractéristiques de la tempéra- 
ture de l'air pour des stations du Congo Belge. П met en évidence des 
moyennes annuelles de 20 à 260 et des amplitudes moyennes de variation 
diurne pouvant atteindre 149. 


TABLEAU | 


TEMPERATURE DE L'AIR AU CONGO BELGE ten degrés Celsius) 


| ul 
Mosennes mensuelles | Aniplitude | 
id 


1 i 
stati ari d А . | Marines | le varia- | " 
Stations Latitude Altitude annuelles | 7000, tion odi: Marima 

} Í man, min. ume moy, 

NU RI | 1 S 

Elisabethsille? 11139 8 1220. 20 | 23 16 1 14 Ч y 

Luxunbo ... 4, 85˙ 170 m. | 26 | 27 24 | 1 ' 36 
i Н Я 

Vangambi .. PION | 470m. | оз 20 | A | n Î 3 
i " Н 1 

(a 2 17 N psu] omo 25 | 21 f 40 
1 i 


Le régime des vents présente là régularité bien connue des ulisés; Tes 
intensités ne s'éloignent généralement pas de celles observées en Europe, 
mais elles se manilestent par rafales, [attention de l'Ingénieur doit ce- 
pendant étre retenue par l'existence. de typhons qui ravagent les côtes 
des mers tropicales, on peut y mesurer. des vitesses de 200 km/h, lear 
fréquence n'est pas encore bien connue. 

Les vents et les temperatures conditionnent à leur tour les pluies 
et déterminent leur périodicité; on peut admettre en première approxi- 
mation, que le maximum des pluies suit en chaque région, avec un certain 
retard le passage du soleil au zénith: il en résulte suivant les latitudes, 
une ou deux saisons des pluies séparées par autant de saisons sèches. 
Les intensités des pluies appuraiwent au tableau I. 
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TABLEAU It 


COTES UDOMÉFRIQUES AU CONGO BELGE (en millimètres) 


1 
? і : Slovenes Moyennes mensuctles i Maxima 
Stations | latitude , Altitude F mois en 21 h. 

А i IMAN. min. s/ pluie 
Bact peg ханы ме c · € = ud A 
Каре ile: 11305 j 010250 m. 1223 | ED ө 4 160 
Niemba ` 1 6000n, 1140 | 195 | 4 2 | 106 
Е i i | 
П 1 Н | 1 

Luebo ..... ; 150 in. LEEF | 217 " 0 i H6 
А E Н | і 

Yangambi . 4 ОЧМ © hm. U 245 97 v 1134 
H Н 1 

Buta Я | JAN 47 in. нач 208 26 0 E 73 
i : 


L'humidité en dehors des zones désertiques er sub-tropicales est tou- 
jours três forte le matin où elle voisine les 100%, elle tombe dans Vaprès- 


midi s'il pleut; le tableau HI donne quelques chiffres relatifs à trois sta- 
tions du Congo Belge très proches de Equateur. 


TABLEAU tll 


HUMIDITES RELATIVES AU CONGO BELGE mesurées en 1950) 


i 
stations Latitude yp ennes aah 
| min. 
——— — 5 La S 
Fala .... GON 32D 11. ay us iow 
Nioka ... 2% N | IU. бк аз 8 
i 

Yangambi QO N 170 in. 7 чч | thi 


Considérons à présent un facteur qui intéresse l'économie des réser- 
ves d'eau: Pévaporation, Ce phénoméne est important en pays intertro- 


picaux, mais sa mesure est délicate; Les résultats de quelques mesures 
|| cl fectuées au Congo Belge sont indiqués, sous toute réserve, au tableau IV. 


| Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


4 
TABLEAU IV 
EVAPORATION AU CONGO BELGE (en amm. mismes û l'appiieil liche) 
Valeurs joimnalicres 
P DES E " Moyennes extremes 
Stations ; Latitude | Altitude iC " 

! Minima 
„ 5 E Е a 
Elizabethville .. RES 1930 mm. En Tet os 
Lusamho ....., ену 470 am, d Hig 3.8 | 6,8 
Vhysville ..... elos Е 750 12. i ns 52 0,3 
Vangambi ..... PHN 170 m. Mu 58 0,0 
al cin... BIRN 500 . ктө 55 “з 


Nous adinettons généralement au Congo Belge, en l'absence de me 
sure directe, que Та hauteur annuelle d'évaporation sur une nappe d'eau 
libre est égale à la cote udométrique, mais l'évaporation présente dans 
l'année une répartition complémentaire de celle de la pluviosité. 


2) La morphologie et les sols 


H peut paraitre paradoxal dans un exposé qui se veut général, d'évo- 
quer les caracteres. couununs des lit morphologie de pays tres éloignés, si 
ce n'est en. latitude tout. au moins en longitude. 

Et pourtant, si Von considere kı géologie qui engendre la morphe» 
logie, l'un constate que Y. Miique au Sud du Sahara, Madagascar, PAus- 
tralie, de Sud de la péninsule indienne et le continent Sud Américain 
à l'est des Andes, ont un pisé (n. qui a imprimé û ces pays leur 
caractère massif tout en permettant une érosion intense qui leur à donné 
un aspect de pénéplaines monotones coupées de tailles, modelées en 
cuvettes, temblayées quelques fois par des formations. plus récentes. et 
bordézs de plateaux et de bourrelets peu ondulés; les roches éiuptives, 
métamorphiques ou en voie de métanorphisation y sont. particulierement 
abondanites. 


Des exceptions importantes doivent. Coe faites pour des régions des 
Graben Miicains, les reliels volcaniques, de l'Insulinde notamment, et 
le caractere alpin du wasil andin. 

Mentionnons ausi le caractere monotone ec es altere des sols tro- 
Pius эман d'une tiansdlormiation des coches sous jacentes beaucoup 
plus rapide qu'en pass tempere, sous l'action de la chaleur et de Phu- 
midite, et qui conne asez unitoimément naissance, dans les zones à sai- 
sons sèches bien marquées, à des terrains peu fertiles, arpilosableusx ou 
lateritiques, à. part quelques bandes alluviale et collin indes, 
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3) Les caractères généraux. de lhydrographie 


Les débits présentent la même périodicité générale que les précipi- 
tutions dont ils suivent les variations avec un décalage qui croit avec la 
superficie des bassins versants. 

Le tableau V donne les valeurs caracté istiques des débits de quel. 
ques rivières intertropicales. Les irrégularités mises en évidence pour les 
grands bassins versants sont très faibles près de l'équateur, mais croissent 
lorsque l'on s'en éloigne; du point de vue des débits, la création de ré- 
gularisations complètes se présente favorablement. 

La considération des débits extrêmes n'appelle pas de remarque spé- 
ciale: les faibles durées d'observation lont d'ailleurs que ces grandeurs 
sont encore mal connues, 


Quelques caractéristiques des accidents présentés par les profils en 
long des rivières intertropicales intéressent aussi Vingénicur: sans vouloir 
généraliser, signalons que la morphologie en compartiments coupés de 
failles de l'Afrique centrale, donne souvent naissance sur des rivières à 
grands débits, à Чез chutes verticales importantes ou à des zones de rapides 
à forte dénivellation sur de faibles distances. De tels sites peuvent s'acco- 
moder d'un équipement relativement économique et ce d'autant. plus 
que les gradins sont quelquefois surmontés Че vastes plaines permettant 
là création d'importants bassins de retenues. 


Pour illustrer ces observations, citons unc centrale du Haut Katanga 
qui, à MADINGUSEA sur la rivière Lufira, utilise avec un débit moyen 
annuel de 45 1/5 une chute naturelle de plus de 100 in surmontée d'un 
barrage qui, pour une hauteur maximum de 12 in crée un lac d'accumu- 
lation de 14 milliard de méires cubes d'eau. 


1) La flore et la faune 


La Hore et là faune tropicales doivent, elles aussi, retenir l'attention, 
d'abord par les conditions de travail qu'elles créent pour les humains, et, 
aussi, par certains problèmes techniques qu'elles posent: de grands ani- 
maux sauvages tels les éléphants sont susceptibles de faire des dégâts 
aux installations et il faut s'en. protéger: à l'autre extrémité de l'échelle, 
l'existence. de quantités considérables d'insectes et microorganismes fa- 
vorise l'attaque des constructions en bois, provoque le blocage de certains 
organes mécaniques, le Gipissage des conduites Forcées et Vobstruction des 
grilles et petites tuvautcries. 


М) FPES FACTEURS HUMAINS 


Avant de passer ces facteurs en revue, soulignons que nos remarques 
trouvent surtout leur origine dans le sous-développement de bien des con- 
wées intertropicales ouvertes tardivement à la civilisation mais il ne nous 
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Congo à Léopoldville .. 


Luvua à pian...... 
Kiymbi à Makungu .... 
Inkisi à Zongo 20.000... 


Lutira à Rapolowe ..... 
Luaktba à Zilo ........ 
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échappe pas que certaines de ces contrées — ct elles se font tous les jours 
plus nombreuses — offrent maintenant à l'activité. humaine un, cadre 
aussi complet. que la vieille Europe par exemple. 


1) Populations autochtones et. populations blanches 


En Afrique centrale tout au moins, la population indigéne est pen 
dense: 4,2 habitants par km? lau Congo Belge, exceptionnellement 24,5 
en Nigérie; sa. civilisation et son industrie, originales sont rudimentaires, 
son pouvoir d'achat généralement trés faible de l'ordre du cinquième et 
quelquefois du dixième de celui de Fouvrier blanc moyen. Du point 
de vue professionnel, on rencontre principalement des manocavres ou 
des travailleurs peu qualifiés, les artisans sont l'exception., Les prix de 
revient de cette main d'oeuvre sont corrélativement encore modestes. 

En face de cette population autochtone se trouve une population 
blanche immigrée, peu nombreuse, engagée en majeure partie par contrat 
en рау» tempérés et qui constitue une main d'oeuvre très coüteuse peur 
l'employeur qui doit, non seulement payer des salaires très élevés, mais 
encore faire face à des charges conuexes pesantes dues aux. conditions 
de vie parfois dures faites par: le climat. 

И ne nous échappe pas que les coûts des mains d'oeuvre européenne 
et indigène ont tendance à se rapprocher en méme temps que les qualifi- 
cations, amais pour l'instant, il faut encore tenir compte d'écarts sensihles 
en bien des régions. 


2) Le probléme des approvisionnements et des réparations de machines 


Une conséquence de la faible pénétration de la civilisation moderne 
dans la plupart des pays intertropicaux ем la rareté des industries im- 
portantes de transformation, dés magasins de grosses machines et des ate 
liers de réparation bien outillés. 

Au Congo Belge presque tout l'équipement des centrales hydro-élec- 
triques à l'exception. de certames charpente, métalliques doit étre com- 
mande en Europe, en Amérique ou en Afrique du Sud; les centrales ne 
peuvent souvent compter que: sur cllesamémes où sur les sociétés dont 
elle dépendent pour les réparations ou les pièces de rechange, saul à 
laire venir ces pièces de leurs: pays d'origine avec des délais prolongés. 
Au stade de l'exécution, les entrepreneurs se heurtent, mais à un degré 
moindre, aux mémes difficultés. 


3) Longueur et difficulté des cammanications 


La création d'un réseau de transport à fort débit rapide et dense 
ne s'est pas encore justifiée dans les pays intertropicanx. 

Si les humains trouvent à leur disposition de nombreux avions, les 
taarchandises doivent encore emprunter, notamment pour gagner le cen- 
tre du continent Africain, le rail et les voies d'eau. Une anarchandise 
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vp d expédiée d'Europe ou d'Amérique peut ainsi mettre couramment 
| mois pour atteindre un petit poste au Congo Belge, aprés quatre à 
i | ruptures de charge accompagnées d'abandons sur des quais non abrités. 
: Les gabarits des chemias de (ег et l'équipement des quais linitent 
! les dimensions maxima des colis; dans toute l'Afrique centrale on ne 
; rencontre que des chemins de fer à voie métrique ou voie de soixante 
à centimètres. Le transport de colis de plus de (3 x 3x 12) in? est difficile; 
j bi quant aux tonnages transportés, ils ne peuvent dépasser 30 à 50 t par 
¡BR 
1 
| 


| unité sur le rail, pour autant. que l'on dispose des moyens de décharge- 
| ment adéquats. 

d La densité du réseau fluvial et ferré reste faible et ces voies n'atteig- 
dH nent généralement pas les sites d'aménagement hydro-électriques il faut 
a ; alors recourir aux transports routiers ou construire des embranchements 
up ferrés spéciaux. 

ib Les transports par route se généralisent en méme temps que le réseau 
| i routier se développe, mais ils se heurtent à des prix prohibitifs résultant 
i du mauvais état des pistes et des difficultés d'entretien. des véhicules, 


d) Linsuffisance de la connaissance des pays tropicaux 


i | La mise en valeur des pays intertropicaux reste sporadique, il en 
uc est de même de Ja connaissance topographique de ces régions; elle ne sc 
{р traduit généralement que par des levés à três grande échelle. 

di . Quant aux dossiers hydrologiques détaillés, ils ne peuvent, le plus 

* souvent, s'enrichir qu'à l'occasion de la mise en valeur d'une chute d'eau: 
il est vrai que des études systématiques commencent à être entreprises 
par certains organismes parastataux au Congo Belge et dans quelques 
territoires de l'Union française. 

L'aménagement de chaque nouveau site doit donc être précédé d'une 

i etude particulière de la topographie et de lhydrologie; pour cette der- 

phe nière, la brièveté de l'étude rend l'évaluation de certaines donnees pour 
le moins incertaines . 


p 1 HI) LA CONCEPTION DE N TRALES HYDRO-ELECURIQUES 
a EN PAYS INTERTROPICAUX 


Pour étudier l'influence des facteurs géographiques et humains dont 
nous venons d'esquisser le tableau, sur ke conception des centrales hydro- 
électriques, nous considérerons successivement la détermination des carac- 
téristiques d'ensemble des aménagements, da conception des ouvrages de 
génie civil et, enfin, celle du matériel d'équipement, à l'exclusion du 
matériel électrique dont il n'est pas question dans cette note, 


' 
[КОКЕ A) LES CARACUPRISTIOQUES D'ENSEMISTA DES AMENAGEMENTS 


) Les programmes de puissance 


HL: La fixation des programmes de puissance se heurte à deux difficultés; 
i ! d'une part, les lois du développement économique d'un pays ou d'un 
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mant fonctions directement ou 


ces; par ailleurs, les accroisse- 


centre tropical sont rès mal connues, 
indirectement de quelques activités pol | 
ments de consommation pendant une période d'amortissement disons de i 
dix ans — après la construction d'une centrale — peuvent étre faibles ! 
en valeur absolue et d'un ordre de grandeur bien inlérieur à celui des | 
puissances disponibles sur les chutes dont l'équipement peut être envisage | 
dans des conditions trés économiques; c'est notamment le cas pour les | 
| 
| 
| 
| 
| 


centrales alimentant principalement des centres urbains abritant de pe- 
tites industries. L'absence d'interconnexion généralisée multiplie encore 
le problème par le nombre de centrales ou de groupes de centrales in- 
dépendants. 

La construction dune centrale, surtout pour alimenter le secteur | 
public, peut donc poser un problème délicat d'amortissement et s'accom- | B 
paguer d'un grand risque financier. | 


Pour atténuer ces inconvénients, on envisage alors des exécutions | 
en plusieurs étapes; il n'en reste pas moins que les investissements doi- 
vent tenir compte du fait que certains ouvrages, tels que barrages, gi- 
leries d'amenée, doivent, dés l'origine, étre conçus pour te stade final. 


Le projeteur de chercher à limiter les immobilisations de pre- 
инеге étape; au Djoué prés de Brazzaville, en . E. F., seuls le barrage 
et Ia prise d'eau intéressant le stade final, tous les autres ouvrages n'étant | 
exécutés que pour la moitié de la puissance finale; à Zongo, près de Léo- 
poldville au Congo Belge, les conduites forcées et l'équipement de la cen- 
trale proprement dite seront réalisés en plusieurs étapes. | 


Ces considérations conduisent aussi à la création de centrales à grou- 
pes assez nombreux; pour la réserve, oni installe généralement un groupe, 
les interconnexions lorsqu'elles existent ne sont pas encore suffisamment 
développées pour permettre de concevoir des centrales sans réserves. 

П est vrai que, dans la pratique, Ja notion de réserve а tendance à 
étre perdue de vue dans des centrales dépendant d'une industrie privée: — 
lorsque la consommation croit et que les conditions hydrauliques le per- i 
mettent, on n'hésite pas à mettre en service les groupes de réserve. Nous 
connaissons. une centrale qui a ainsi Jonctionné sans incident pendant 
une dizaine d'années sans réserve; l'entretien approfondi des groupes en 
a évidemment souffert. | m 


Sans aller aussi loin, on peut remarquer que la régularité des débits 
permet des accroissements saisonniers des puissances produites par utili- 
sation du groupe de réserve, les revisions étant systématiqueinent effectuées 


en saison sèche et la consommation organisée en conséquence. 


2) L'implantation des ouvrages ` : 


La puissance à produire une fois définie approximativement, il con- vu 
vient de rechercher un site d'aménagement adéquat. i 
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Cette recherche, vu le manque de documentation et les difficultés 
locales peut nécessiter une véritable exploration; elle utilise d'abord les 
méthodes de levers rapides; mesure des dénivellations à Valtimétre et 
au clisimetre, estimation des distances au pas. I. ingenieur chargé de cewe 
étude doit donc pouvoir estimer sur des bases assez fragiles, les possibilités 
du site et les grandes lignes des aménagements les plus intéressants. En 
pratique, ce n'est que pour ces derniers que Von pourra ensuite entre- 
prendre les travaux topographiques détaillés, nécessaires à létablissement 
des projets, puis des études d'exécution. Ces travaux peuvent cue longs: 
pour l'étude topographique complète relative à une centrale de 2500 KW 
dans une région d'acces difficile, nous avons dá utiliser onze mois de to- 
pographe, y compris les restitutions: pour l'étude d'avantprojet d'une 
centrale de 10.000 KW dans des conditions plus faciles, nous avons encore 
dà utiliser 5 mois de topographe . 


Il semble que certaines des clillicultés ¿voquées ici puissent, en pin- 
tie, être évitées par l'utilisation de levers acrophotographiques préalables 
restitués par courbes de forme, puis pour les détails, par des levers phote- 
graphiques terrestres avec uiangulation des repères. Pour les petites ins- 
tallations cependant, le coût de missions aérophoto graphiques peut étre 
excessif; en zone de grande lorét, il est ditficile d'y recourir. 


En ce qui concerne les fondations des ouvrages, on ne perdra pas 
de vue les possibilités d'altération rés profondes des sols; l'organisation 
de campagnes de sondages. est. presque partout nécessaire el représente 
une source de dépenses accrue par les difficultés d'acces et de vavitail- 
lement. 


М) Les études hydrologiques 


lei encore tout est généralement à faire, à commencer par des mesures 
sur le terrain; les méthodes sont les mémes qu'en Europe, mais l'absence 
de statistiques force souvent le projeteur à s'appuyer sur des chiffres 
incertains, que ce soit. pour les débits «Чаде ou de crue, obtenus. par 
là comidétation des éléments de climat, les traces des plus hautes eaux. 
etc... 


И vindique, dans ces cas, de prévoir des Арон d'évacuation des 
eres susceptibles de surchitge suns mand dommage; déversoiry avec re- 
vunches sullisantes. notamment, 


Les possibilités de créer de grandes réserves d'eau en Afrique Cen: 
trale sont três tréquentes et Тасі сеу par le lait qu'elles ne nécessitent 
que peu d'exspropriations; ces réserves interviennent pour régulariser to- 
talenient ou partiellement des débits, la notion d'usine de pointe n'exis 
unt pas encore. La topographie en cuvettes fait que les réservoirs sont 
souvent: peu  profonds, la considération de l'évaporation devient très im- 
portant. Ainsi Le centrale de Madingusha au Katanga présente un ré- 
servoir de LE Hilliard de metres cubes utiles pour опе superficie maxi- 
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mum de 446 kins, la perte par évaporation est estimée en année moyenne 
2 0,5 milliard de mètres cubes pour un rapport total de Li rivière de 
1,82 milliard de mètres cubes; le rendement de la régularisation ne peut 


donc dépasser ici 72%. 


B) LA CONCEUTION DES OUVRAGES DE GENTE CIVIL 


1) La conception en fonction des conditions de service 


La surveillance des installations étant conf А un nombre ]imitc 
d'agents blancs, ceux-ci doivent pouvoir accomplir leur téche avec facilité 
et efficacité. On mettra à leur disposition, le maximum de possibilite 
de contrôles: il convient que, des locaux de commande, ib puissent sur- 
veiller directement la salle des machines et y accéder tros rapidement 
H se justifiera souvent de climatiser les salles de commande et de les 
pressuriser pour éviter l'entrée des poussi 

Autre aspect de l'influence des conditions de service, les sollicitations 
des ouvrages. Elles ne différent. de celles admises en Europe que pa 
l'absence d'efforts dus à la neige et à la glace, pour les barrages, et par 
Vamplitude des variations thermiques au sujet desquelles nous avons don- 
né quelques chiffres. Les normes belges sont d'application. au Congo 
Belge pour les efforts dus au vent. 

En ce qui concerne plus particulièrement les ouvrages hydrautiques, 
i| ext prudent d'envisager l'obstruction. complète des pertuis de grilles 
par des corps [lottants et. de prévoir par ailleurs des dispositifs deva 
cuation pour les flots d'herbes dont la formation fréquente dans les gran- 
des retenues à faible tirant d'eau, est favorisée par des oscillations du 
niveau d'eau. Ces masses d'herbes Hottantes peuvent s'étendre sur quatre 
à cinq hectares, Pout les évacuer, on peut, soit les diriger vers des passes 
de crues surfaces; elles se déchiquettent sur les coursiers, mais les ilots se 
reforment dans Ja retenue d'une centrale aval s'il en existe; dams ce cas, 
il parait. préférable de des haler sur les rives et de les brûler en saison 
sèche. Nous étudions aussi la destruction des iois par des herbicides, 
mais n'avons encore Гай aucune expérience satisfaisante, La protection 
des ouvrages de prise d'eau contre Vintroduction de ces ilots est souvent 
complétée par des avanrgrilles Hottantes. 


2) La conception en fonction des moyens d'exécution 


Nous estimons que les bonnes entreprises sont techniquement. capa: 
bles de réaliser en pays. intertropicaux les constructions les plus coinpli- 
quées et les plus audacieuses avec toute Та sécurité voulue, mais les pris 
de revient peuvent s'en ressentir, 

Le probléme économique que nous évoquons est dominé par ka vis 
ticité de la main d'oeuvre indigène et les coûts et délais d'importation 
éleves pour les produits qui ne peuvent se trouver sur place. Des travaux 
Simples peuvent être condies à des indigènes, des travaux compliqués né- 
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cessitent um pourcentage. élevé de main d'oeuvre. européenne. En com- 
parant Jes coûts de travaux identiques en Belgique et au Congo Belge, 
on remarque notumment que les coffrages et armatures sont relativement 
coûteux; les bois disponibles en Afrique sort d'ailleurs souvent sujets à 
déformation, On a done intérét à limiter l'importance des constructions 
en béton coulé en place, fortement armées et à grandes surlaces de coffra- 
дез: dans ce but, on peut envisager souvent les solutions suivantes: 


— remplacement. des coffrages par des parements de maçonneries 
de moëllons ou de blocs de béton préfabriqués incorporés dans 
là construction, ou par des blindages métalliques dans le cas des 
aspirateurs de turbine, convergents précédents ou suivant des van- 
паре», ctc... 


— préfabrication de passerelles, dalles, petites poutres. 


= réalisation d'éléments portants métalliques, colonnes, poutres de 
pont roulant, fermes de toiture, poutres de plancher de bâtiments, 
les hourdis étant seuls en béton. armé. 


Lorsque les coffrages subsistent, on à plus, qu'en Europe, intérét а 
recourir à des éléments métalliques, étayages en tubes, plaques standard 
de surface; le projeteur peut étre amené à tenir compte des caractéristi- 
ques de ce matériel. 


La plus ou moins grande distance des cimenteries, l'entrainement des 
maçons indigenes et la qualité des roches disponibles posent le probleme 
de da substitution de la maçonnerie de pierres. hourdées à de grosses 
masses de béton; il n'y a pas de solution unique, mais la résolution éco- 
nomique du probléme se pose: nous pouvons citer l'exemple de da cen- 
trale ВІА ип Katanga où les huit cents mètres du canal d'amenée pré. 
sentent des parois latérales en maçonnerie de moëllons. 


А l'opposé, des techniques nouvelles comme celles de da précontrain- 
te, la fabrication de bétons sous vide, n'ont pas encore semblé pouvoir 
étre économiquement introduites en Afrique centrale, mais il ne s'agit 
que d'une situation provisoire kugement dépassée en d'autres pays tro- 
picaux. 

П nous semble d'ailleurs que les méthodes d'exécution évoluent en 
ce moment tres vite et qu'après la période héroique on passera três vite 
la mécanisation à la manière américaine, sans s'arréter au stade de Fim- 
tisanat méticuleux qui ne peut se concevoir avec des travailleurs indi- 
genes comme ceux de l'Afrique. centrale; dans le domaine qui nous 
occupe, il en 1éultera sans doute une floraison de barrages en terre ou 
en enrochements, la présence fréquente de sols argileux et, par ailleurs, 
de terrains de fondations souvent altérés favorise: économiquement ce 
type de barrages. 


3) Remarques concernant l'organisation des travaux 


La périodicité annucile des pluies et des débits des rivières est de 
nature|à simplifier l'organisation des travaux et à la rendre moins aléa- 
toire; dans ce domaine, deux remarques intéressent le projeteur . 


Les débits maxima à dériver pour la mise à sec des fouilles de bar- 


rages ou de centrales peuvent ètre limités par exemple au débit médian 


de la rivitre considérée si les mises à sec rie doivent dure que six mois 
axés sur un saison sèch le risque de submersion des batardenux est 
minime pour les rivières à grands bassins versants. 

L'existence de longues saisons sans pluies est favorable à l'exécution 
d'ouvrages en terre compuctée, surtout si celle-ci doit être partiellement 
asséchée avant mise en oeuvre. 


C) L'ÉTUDE DU MATÉRIEL 


1) La conception du materiel en fonction des conditions de service 


L'éloignement des grands centres de réparation et le coat élevé des 
Gavaun d'entretien sur place justifient l'installation de matériel simple 
et robuste offrant les plus grandes garanties de bon tonctionnement. 

Dabs cet ordre d'idées, nous avons renoncé, aprés un essa а l'auto. 
maticité de la mise en route et de la conunande des groupes turbo-alter. 
nateurs? il nous parait préférable de s'en tenir aux manoeuvres directes, 
mais dé centralise les commandes et contrôles essentiels dans des salles 
de tableaux bien équipées: pour plus de sécurité. les manoeuvres dim 
gence peuvent encore Etre effectuées en d'autres emplacements juelicica 
sement choisis; des dispositils de sécurité permettent d'exécuter ces ma 
nocuvres, méme en Go de mangue de courant, 

Pour les vannes de barrage et de prise d'eau, nous prévovons de 
méme d 


es commandes manuelles de secours. 


Nos observations relatives à ke robustese du materiel visent plus 
particulièrement les turbines; nous avons noté ides recharges par soudure 
Panbageds de roues et de blindages érodés par cavitation, «е tourillons 


de distributeurs us apres reparation par apport aid inoxydable, ata 
lieu et Jilace d'acier ordinaire, les érosions et usures ne se sont pas repro- 
duites; il eut са préférable, dans de tels cas, de prévoir, des Porigine, 
des qualités de métal sulfisananent résistantes, 

IL nfen reste pas mains que des centrales des pays intertropicaux doi 
vent CITE pourvucs d'ateliers tres bien outillós avec d'importants stocks de 
pieces. dé réserve; il est indique d'installer ces ateliers avant de montage 
pes plutót que de prévoir pour le montage des outillages Spe 
nus d'Europe où d'Amérique, 


des grou 
diaus ve 

La conception des organes mée ifs appelle encore quelques из 
nuneques de détail. 
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Les mécanisines devront спе protégé conte Vintrusion des insectes 
et notamment. d'une sorte de guépe — la mouche müconne == qui au 
Congo Belge, bloque souvent des mécanismes en y constrüisant des nids 
en matériau argileux trés dur. 

La présence des termites fait proscrire l'usage du bois pour les ¿tan- 
chéités de batardeaux, charpentes, etc. 

Pour les systèmes de réfrigération par eau, on tiendia compte pin 
mesure de sécurité, de températures maxima de lair de l'ordre de 500 
et de Vean de 20 à 30° suivant les régions; les micro-organismes contenus 
dans les eaux ont tendance à se déposer dans les petites tuyauteries et. û 
les obstruer; les échanges caloriliques en étant dininueés, on est amené 
à prévoir, soit un nettoyage périodique ou une alimentation en eau pu- 
rée en circuit fermé ou ouvert. 

A une échelle plus grande, il est pr esque toujours utile de munir lex 
grilles Fines des ouvrages d'amence, de rateaux dégri leurs elticaces. 


2) La protection contre la corrosion 


La corrosion des vannes, batardeaux, grilles et, surtout, conduites 
forcées, sous l'effet de l'eau et des agents atmosphériques est assez rapide 
en pays Gopicaux, elle parait. encore activée par les dépôts de micro- 
organismes, 

Nous avons observé sur une conduite forcée, simplement grattée et 
peinte à la mise en service, des piqures pouvant localement atteindic 
5mm. de profondeur aprés vingt ans de fonctionnement. 

Nous avons l'habitude dans ces conditions, de (aire donner par les 
constructeurs, й tous les équipements hydrauliques, des surépaissens gé- 
nérales de 2 mm. puis de sabler les fournitures et de les revetir de deux 
couches de peinture bitumineuse en atelier: apres montage, les raccords 
nécessaires sont effectués et une troisiéme couche est appliquée: nous 
achuetteny que la protection ainsi réalisée reste eflicace pendant une di. 
saine d'années, 
ous envisageons de faire des esais de protection. par metallisation 
au zine. 

Pour les glissicres de vannes ou batardesux scellées sous eau et inac- 
cessibles pour l'entretien, nous envisageons des constructions entièrement 
em bronze ou en acier inoxydable, mais, pour l'instznt, nous n'avons tenté 
encore aucune expérience dans се sens. 


З) Les sujétions dues aux conditions de папро 


La limitation des dimensions et du tonnage des colis peut nécessite: 
un dractionnement. inusité de certaines pieces de machines — bâches de 
turbines par exemple. le peut mème conditionner les caractéristiques 
de certaines parties d'équipement. 


5 
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Ainsi, pour les conduites torces des centrales DELCOMMUNE et 
LE MARINEL au Katanga, nous avons été amenés à limiter le diamètre 
à trois metres environ (it au-dessous du diamètre économique théori- 
que); il a été ainsi possible d'exécuter les soudures les plus sollicitées — 
cestá-dire les soudures longitudinales — des éléments Че conduite, en 
atelier et l'on a finalement pù réaliser une économie substantielle sur les 
dépenses de montage tout en accroissant la sécurité. 

La longueur des transports, le nombre élevé de ruptures de charge 
impose enfin une protection efficace contre les chocs et, si néces е, 
contre l'humidité de toutes les pièces de fournitures mécanisces, par crêtes, 
caisses solides; des précautions doivent également бїгє prises contre la 
déformation des éléments de blindages métalliques et de conduites forcées: 
on veillera entre autres à rendre, impossible l'introduction de colis dans 
les éléments de conduite, nous avons fait Ге perience malheureuse de 
déteriorations de peinture pour avoir négligé cette précaution. 


IV) CONCLUSION 


Nous avons esquissé très rapidement, sur base de caractéristiques péo- 
graphiques générales, quelques un des problèmes Spéciaux posés par Та 
conception des centrales hydrodlectriques en pays tropicaux. 

Nous désirons souligner, pour terminer, que Та résolution de ces pro- 
blémes exige des exécutants de grandes qualités humaines, Tout d'abord, 
elle suppose dans chaque cas particulier, ипе analyse détaillée des condi. 
tions locales; ce travail incombe à une mission de prospection sur place 
qui doit être soigneusement préparée et confiée à un personnel connais- 
sant tous les aspects de l'étude d'une centrale hydroélectrique. 

Le projet d'aménagement sera ensuite dressé à une distance souvent 
considérable du site d'aménagement, c'est dire que les rapports de la 
mission de prospection devront apporter au projeteur tous les renseigne 
ments dont il aura besoin. 

Au stade des études d'exécution enfin, le bureau d'études devra re- 
mettre au chantier des études et plans tres détaillés, toute explication 
verbale étant le plus souvent esclue; en Гай, le bureau d'études et le 
chantier ne seront. généralement en rapport que par correspoande écrite 
et celle-ci devra être rédigée avec grande précision. 

Les travaux ne pourront done bénélicier de l'avantage que procure 
la meilleure adaptation aux conditions locales et aux moyens d'exécution, 
que par un eflort commun et organise des services d'étude et dexe ution. 


RESUME. 


les 


Cette note commence par un bretrappel des cavac tétistiques géné 
de la géographie des pays tropicaux, soit: 
du point de vue physique: le climat, la morphologie, l'hydiolo- 
gie, la Faune, 
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— du point de vue humain: les populations, les movens de commu: 
nication, le développement technique et. l'état des connaissances 
générales sur les pays considérés. 

Les incidences de ces données sur ke conception des centrales hydro- 

clectriques sont ensuite passées en vue aux stades: 


STI 


— de la détermination. des caractéristiques d'ensemble des ménage 
; ments, puissance, implantation des ouvrages, débits. caractéris- 
tiques, 


À 


— de l'étude des ouvrages de génie civil, compte tenn des conditions 
d'exploitation et de construction, 


— de «elle du matériel d'équipement hydromécanique. 
SUMMARY 


This paper begins with a brief reference to the general characteristics 
of the geography of tropical countries, namely: 


| — from the point of view of physical geography, morphology, fauna, 
climate and hydrology. 


— from the human aspect; population, communications, technical 
: development and the general state of knowledge of the countries 
ү] . considered. 


1 The influence of the above factors on the design of hydro-electric 
f: power stations are then considered in the following stages: 

| — determination of the general features of the scheme, installed 
" i capacity, location of the works, characteristic. Hows, 

studies of the civil engineering works taking into account servic 
{i ing conditions and conditions of construction. 


~ studs cf the Bylioanechanical plant and equipment. 


Resesto 


H Ема monogislia começa com uma breve relerência as caracteristicas 
BEL Reográlicas gerais dos paises. tropicais, principalmente: 
— ; - sob o ponto de vista físicos clima, morfologia, hidiologia, fauna: 
" - sob o posto de vista humano: populações meios de comunic 
desenvolvimento técnica e estado de conhecimentos gerais sôbre 
Р ] os paises considerados 
As incidências desses dados sòbre à concepção cas сепа tais hidrosel- 
Hicks sãos em seguida, pisadas em revista sob os aspectos: 
Ча determinação das características de conjunto das instalações, po 
tencia, site das obras, vazões caracteristicas; 
do estado das obras de engenhania civil lesado se em conta as 
dições de servidão e combugio: 
do estado do noterial de equipamento hidiosnecânico, 


iv 
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1 — L'accroissement continu des besoins en énergie électrique a pour 
conséquence la réadaptation périodique de la puissance des moyens de 
production. Le probléme se pose donc constamment du choix des mo- 
yens de production à installer en vue de suivre l'évolution dans le meil. 
leures conditions techniques et économiques. Le choix est d'autant plus 
difficile que les moyens possibles sont plus nombreux et plus différents 
les uns des autres soit par leur nature soit par leurs garanties techniques 
soit enfin par leurs charges financières dans lesquelles l'amortissement 
joue un rôle très important prétant toujours à discussion. 

Soit un complexe régional d'une certaine. importance pouvant, dans 
son ensemble, étre considéré comme autonome. Chaque usine du com- 
plexe remplit un róle que l'on peut traduire par une puissance maxi- 
mum d'émission p, une production e, un nombre d'heures de fonction- 
nement h ramené à la puissance maxima p tel que e « ph, et un 
prix de retient de l'énergie à l'unité d'énergie, C, comprenant une part 
éanitable des charges relatives aux lignes et postes d'interconnexion; С 
est en général une fonction hyperbolique décroissante de l: € = q (h), 
par contre p est à peu pres indépendant de h, 

En supposant h fixé pour chacune des usines du complexe le prix 
moyen de l'énergie C, est donné par: 
x p h y (öh) 
ND 


Xph 
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La détermination du minimum de C, pour un complexe dans un 
état donné se fait relativement facilement en faisant appel d'abord aux 
moyens donnant les minima des produits ph $ (h) pour des valeurs de 
h de l'ordre de 7.000 ou 8.000 heures puis progressivement aux moyens 
les moins couteux pour des h décroissants pour atteindre. finalement les 
moyens trés coüteux des h de l'ordre de 1.000. 

Supposons que, à partir du complexe ainsi défini, оп veuille réaliser 
un nouveau palier de puissance. Parmi tous les moyens susceptibles de 
satisfaire aux conditions de puissance et de production avec une égale 
garantie on choisira évidemment ceux qui donneront le 4 C, optimum. 

Le probléme est infiniment complexe car la redistribution des va- 
leurs particulières de h est à faire à nouveau et dans des combinaisons 
três variables. 

Il faut s'assurer en outre que lois de la réalisation des futurs paliers 
la combinaison retenue aura une grande probabilité de rester économi- 
que. Le cas peut se poser en effet d'une combinaison incontestablement 
plus économique pour un premier palier et qui se révélerait dix ou 
quinze ans plus tard comme ип choix malheureux. 

2 — L'introduction d'une énergie électrique nouvelle par la nature 
de l'énergie primaire avant transformation ne peut économiquement se 
justifier que si l'on s'astreint à opérer comme il est dit ci-dessus. Le pro- 
bléme est simplifié, tout au moins en première approximation, lorsque 
les conditions techniques de la production de l'énergie nouvelle sont 
telles qu'une association puisse ¿tre faite avec des productions d'un nom- 
bre restreint. d'usines du complexe; il devient tres simple si l'association 
peut étre faite avec une seule usine du complexe et de facon telle que 
l'énergie de l'association ait les mêmes caractéristiques techniques et éco- 
nomiques que celles de l'usine retenue pour l'association. 

3 — Avant d'aborder le probléme de l'intégration dans un complexe 
de production de groupes électrogènes actionnés par le vent (groupes 
anémo-électriques) nous exposerons le cas de l'augmentation de la pro- 
duction d'un aménagement hydro-électrique par la dérivation, vers cet 
aménagement, d'un cours d'eau secondaire. 


Soit un aménagement hydro-électrique caractérisé par: 


un barrage réservoir de capacité R 
un débit d'équipement Q 
une puissance d'équipement P 


un volume moyen annuel d'apport V 
On suppose que la régularisation est. convenable c'est-i-dire que, 
grice à une capacité К suffisante, da production est étalée régulièrement 
sur l'année et faite aux heures les plus convenables de façon que le cré- 
dito (һу soit maximum. 
Le cours d'eau secondaire dérivé va apporter dans le réservoir un 
volume annuel supplémentaire АУ. Si l'on maintenait R, P et Q aux 
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mémes valeurs la production correspondant à A V aurait le caractere 
d'une production différentielle au delà de h et ne pourrait avoir la 
valeur de la production de l'aménagement. 

Supposons que R, Q, P soient majorés de telle facon que: 


AR AQ AP AV 


R Q P v 
Dans ce cas la production supplémentaire a méme valeur que la pro- 
duction initiale. Les charges financières et d'entretien relatives à А R, AP, 
А О doivent être évidemment supportées par la dérivation. 

En Algérie les possibilités d'aménagements hydro-électriques sont 
limitées de sorte que est logique et économique de faire aux hydrau- 
liques les hauts des diagrammes de charge. On force donc l'équipe- 
ment en puissance de ces usines dont la production est émise entre 2.000 
et 3.000 heures par an. Seule la Petite Kabylie, région montagneuse et 
très arrosée, offre des possibilités d'équipements hydro-électriques d'une 
certaine importance. Dans cette région le cas se présente souvent de 
riviéres qui n'offrent pas d'intérét pour un équipement propre mais qui 
peuvent être dérivées vers un aménagement possible. L'étude économi- 
que est alors faite en déterminant les dépenses de la dérivation propre- 
ment dite, celles relatives à l'augmentation proportionnelle de R, О, P 
ереп comparant le résultat au crédit procuré par l'énergie supplémentaire. 

Pour 1 kwh supplémentaire les charges annuelles de suréquipement 
sont approximativement les suivantes en Petite Kabylie: 

AR = 1 Fr,20 
AQ + AP <= 1 Fr,50 pour h = 2.500 heures 
soit au total 2 Fr. 70 

L'énergie garantie de 2.500 heures valant environ 8 Frs par kwh Ia 
dérivation est justifiée si les travaux proprement dits de dérivation ne 
créent pas des charges excédant 5 Frs par kwh garanti, 

4 — Nous pouvons maintenant aborder le probléme de l'association 
d'une production anémo-électrique avec celle d'un aménagement hydro- 
électrique régularisé, 

La partie de la production anémo-éléctrique pouvant entrer dans 
le diagramme journalier de production de l'usine hydro-électrique aura 
la valeur de la production hydraulique considérée seule si h n'est pas 
changé en délinitive. Pour cela il faut, si l'on désigne par a V l'équi- 
valent en volume d'eau de la production anémo-cleetrigue, prévoir des 
augmentations de P et Q telles que: 

AQ AP AV 


. 


2 Р V 
La modification à faire subir à R est fonction de la distribution 
saisonniére relative des régimes de Vhydraulique et du vent. Si les cour- 
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AR 
est évi- 


bes représentatives ont leurs cloches décalées dans le temps 
AV R 
—. Il se peut méme que dans des condi. 


demment plus faible que 
AR у 


tions favorables soit négatif. 


R 
Nous donnons en figure 1 la représentation graphique valable pour 
In Petite Kabylie des variations des modules mensuels de l'hydraulicité 
et de l'énergie de jour du vent intégrable dans la production hydrauli- 
que. On voit que les énergies naturelles hydro-électriques et anémo-élec- 
triques sont remarquablement complémentaires l'une de l'autre. Ceci n'est 
pas une pure coincidence. Les vents dont il s'agit son engendrés par les 
Hydrol nd 


of Rent Energie du vent intgrable dare 
la production Pyrat ient. 


Wind energy combiable wit 
G Y production. 


—.— 


— r 
4. ue Oe cus Dm. 


— 
m'n an A A 


Fig. | — Régimes saisonniers de i'Hydraulique et des vents de vallée en Petite Kabylie 
(Algérie) 

— Seasonal variations of runoff and valley winds in petite Kabylie" (Algeria) 
différences d'échauffement des masses d'air d'une part au dessus de la 
mer, d'autre part au dessus du continent. Les courants de densité qui 
prennent naissance empruntent de préférence les sillons les plus creux 
que sont les vallées. Les différences d'éechauffement sont d'autant plus 
grandes que le ciel est plus clair, l'atmosphère plus calme, l'insolation 
plus forte. 11 est donc tout à fait normal que les vents de vallée soient 
des vents de jour et présentent un maximum d'énergie en saison sèche. 
Ils ont d'ailleurs en cette saison des régularités horaire et énergétique 
étonnantes. 

Du dépouillement de deux années d'observations il résulte que non 
seulement il n'est pas nécessaire d'augmenter R mais qu'on pourrait ré- 
duire R suivant une loi linéaire: 

AV 
Ro R. 1— 0,5 ——— 
V 
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ou R, représente la capacité de régularisation nécessaire à l'hydraulique 


AV 

seule et ou représente le rapport entre les productions du vent 
Уу 

et de l'hydraulique. 


AV 
Le rapport —— ne peut excéder une certaine valeur en raison 


de la nécessité de régulariser l'émission de puissance du vent par une 
émission conjointe de l'hydraulique pour respecter à tout instant le pro- 
gramme imposé par le dispatcheur à la production associée. Compte 


AV 
tenu des particularités des courbes de la fig. I le rapport ——— ne doit 
У 


pas excéder 1/3. On pourrait peut-étre augmenter encore ce rapport mais 
on risquerait de diminuer la proportion d'énergie intégrable dans le dia- 


gramme correspondant à h == 2.500. 
AV 


Jusqu'à la valeur 1/3 du rapport les productions suivantes 
peuvent étre fournies annuellement par les génératrices anémo-clectriques 
placées dans les vallées: 1100 kwh/kw intégrables dans la production 
de 2.500 heures et 300 kwh/kw en production différentielle hors pro- 
gramme, dont les valeurs sont respectivement 8 Fr et 2 Fr. 

Le crédit annuel total est donc: 


1.100 xX 8 + 300 ox 2 a 9,400 francs 


Les charges АР + AQ applicables seulement à la production dans le 
programme sont de 1 Fr,50 par kwh soit 1.650 Frs au total par an. 

Le crédit annuel pour les charges du générateur anémo-dlectrique et 
son raccordement au poste d'émission hydraulique est d'epviron: 7.750 Frs. 

Compte tenu des pertes par transformation on peut raisonnablement 
estimer que le crédit annuel au kw est de l'ordre de 7.000 Frs. Dans 
l'hypothèse de groupes de fonctionnement sin, équipés pour une marche 
automatique et nécessitant très peu d'entretien et de renouvellement, le 
prix de la fourniture aurait pour limite économique environ 60.000 Frs 
par kw installé. 3 

5 — Cette valeur limite peut être majorée si l'an tient compte du 
crédit relatif à la diminution de la capacité de régularisation. II est né- 
cessaire pour cela de préciser ce que sont les valeurs créditrices des tran- 
ches d'une capacité. П est bien évident qu'au fur et à mesure que croit 
une capacité les crédits qui s'attachent aux tranches successives. vont en 
diminuant sensiblement comme les probabilités d'utilisation. A l'origine 
la trés petite capacité de régularisation journalitre qui évite l'émission 
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de courant de nuit a une probabilité de service de l'ordre de 300 dans 
i R 


grandes la 


l'année et a une haute valeur (fig. 2). Pour des valeurs de 


probabilité de service dans l'année peut être très faible, devenir inféricure 
à I (régularisation interannuelle). La courbe "crédit" d'une capacité est 
donc une fonction continue, décroissante et la limite économique d'une 
capacité se détermine par, l'intersection de la courbe "crédit" avec la 
courbe du coût des capacités différentielles qui, elle aussi, est une courbe 
continue décroissante mais décroissant moins vite que celle du crédit. 
L'adjonction de groupes anémo-électriques aurait pour effet de ren- 
dre "disponible" une certaine capacité 4 R dont les crédits sont ceux de 


la tranche A R située immédiatement à droite du point —— (fig. 2). 
у 


sea 
ET 


Limite enmarca 


ra cc cl hrat 


г + 
Fig. II — Cout et crédit des tranches différentielles de capacité d'un barrage réservoir 
— Cost and yield of additional capacitios of a dam 


Si le réservoir est menacé de comblement par la sédimentation, et 
cest le саз à plus ou moins longue échéance dans les régions à saison 
sèche prolongée, la tranche! д R se déplace vers la gauche et prend des 
valeurs de plus en plus grandes avec le temps. On ne doit donc pas 
négliger dans le bilan financier le crédit relatif à l'économie” sur la 
capacité, qu'il s'âgisse de réduction de capacité lors du projet ou d'usage 
de là capacité devenue disponible pour une régularisation plus poussée. 

Dans le cas des associations des énergies hydrauliques avec vents de 
vallée en Algérie le crédit annuel complémentaire est de l'ordre de 1.000 
Frs par kw. Le prix d'installation des groupes anémo-électriques. pour- 
rait être ainsi porté de 60 à 70.000 Frs par kw installé, 

6 — Nous avons indiqué plus haut les raisons pour lesquelles, en 
Petite Kabylie, les énergies de l'hydraulique et du vent sont complémen- 
taires saisonniérement. H est probable — ici les observations n'ont pas 
une durée suffisante pour que l'on puisse étre absolument affirmatif — 
que ces mémes raisons doivent avoir pour effet de réaliser une certaine 
compensation interannuelle, En effet une saison sèche prolongée, cause 
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d'une hydraulicité faible, sera aussi la cause d'une production. anémo- 
électrique plus abondante. On peut donc espérer que sous l'angle de 
la garantie de production, l'adjonction de groupes anémo-tlectriques doit 
diminuer sensiblement les risques de pénurie grave en année exception- 
nellement sèche, 

7 — Pour terminer l'étude économique nous allons comparer les 
crédits obtenus par l'énergie des vents de vallée dans l'association avec 
les hydrauliques régularisées et fortement équipées en puissance avec 
ceux que l'on obtiendrait en utilisant l'énergie de vents soufflant régu- 
litrement de nuit et de jour en toutes saisons. L'association de l'énergie 
de ces vents peut se faire soit avec des thermiques de base et dans ce 
саз les crédits sont constitués par l'économie différentielle de combus- 
tible (2 Frs par kwh), soit avec des hydrauliques de base auquel cas le 
crédit risque d'étre nul aux périodes de hautes caux. Pour atteindre les 
mémes crédits que précédemment au kw installé il faudrait avoir une 
production annuelle de l'ordre de 4.000 à 5.000 kwh par kw chose assez 
improbable méme dans les régions les plus fortement ventées du monde. 


RÉSUMÉ 


La production d'énergie électrique au moyen de générateurs. action- 
nés par le vent est d'autant plus rentable que le régime du vent est da- 
vantage complémentaire de celui de l'hydraulique et que l'équipement 
en puissance des aménagements hydro-électriques régularisés est plus 
pousse. Dans le cas particulier de l'utilisation de l'énergie des vents de 
vallée. d'Algérie en association avec les aménagements hydro-clectriques 
régularisés on diminuerait les risques de pénurie grave d'énergie en an- 
née exceptionnellement séche tout en retardant trés sensiblement l'échéan- 
ce du renouvellement des capacités soumises à la sédimentation. L'étude 
économique sommaire montre que, dans ce cas particulier, on peut tout 
en restant dans les limites de rentabilité, consentir pour l'installation de 
génératrices anémo-électriques des dépenses assez élevées, de l'ordre de 
70.000 Frs par kw et cette conclusion peut étre un encouragement donné 
aux inventeurs et constructeurs pour qu'ils réalisent des groupes de forte 
puissance, de. fonctionnement sûr et d'entretien facile. 


SUMMARY 


The yield of the association of hydroelectric and anemoelectric ge- 
nerators is the greater, as the seasonal wind variations compense the 
runoff variations and as the regularized hydroelectric power equipment 
is steadily growing. In the particular case of the association in Algeria 
of valley winds energy, with regularized hydroelectric equipment, the 
risk of serious dearth of energy during very dry years is smaller and the 
date of renewal of capacity lost by sedimentation is very appreciably 
postponed. 
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The- simplified economical study points out that it is possible, in 
this particular case, within the limits of a good yield, to allow high 
enough. expenses, nearly 70.000 fcs/kw, for installation of anemoelectric 
generators, and this conclusion can encourage inventors to realize strong 
and reliable power plants of easy maintenance. 


RESUMEN 


La producción de energia eléctrica por medio de generadores mo- 
vidos рог el viento, es tanto mas beneficiosa cuanto que el regimen de 
los vientos muede compensar el de la hydraulica y que los équipos en 
potencia de las instalaciones hitro-eléctricas regularizadas, tengan mayor 
desarrollo. я 

Еп el caso particular de la utilización de 1а energia de los vientos 
de vallados, en Argelia en asociación con las instalaciones hidraulicas re- 
gularizadas, se reducirian los riesgos de "penuria" grave de energia, en 
afios de gran sequia, retardando muy sensiblement la necesidad de re- 
novar la capacidad de los embalses, sujetos a “sedimendación”.: 

Un estudio economico y sumario, nos demuestra que en este caso 
particular se puede, aun dentro de los límites de la "rentabilidad" llegar 
а la instalación de generatrices anemo-electricas, a. gastos elevados, que 
no bajarian de unos 70.000 francos el kilowatio. 

Tal conclusión constituiria un estímulo para los constructores e in- 
ventores, para la realización de grupos de gran potencia, de funciona- 
miento seguro, y de fácil entretenimiento. 
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PLANEJAMENTO DA INDÜSTRIA DA 
ENERGIA ELECTRICA, VISANDO 
ATENDER AO PLANEJAMENTO 

COORDENADO DAS DEMAIS 
ACTIVIDADES ECONOMICAS 


Por PAULO DE BARROS 
Engenheiro Flectrotecnizo (LS T), Director da União flecinza Portuguera, Presidente da Serção de 
Produtores de Electhcιi,ELev da АҳаосіасВо industrial Herti gude. Vagal de Cemmis 
Electrotécnica Portuguesa 


COMITE NACIONAL PORTUGUÊS 3 


1 Entre as diversas fontes de energia, a electricidade ocupa, sob 
o aspecto quantitativo, uin modestissimo lugar, o mais modesto de todos, 
mesmo. Com efeito, a energia consumida na Europa e i sua repartição 
entre as diferentes origens foi à seguinte nos anos de 1937 a 1919 (1): 


TOTAL | Percentagem proveniente das diferentes origens 
Эрн کی‎ ceu epee! ̃ Жашыра ы دو‎ D rese te невен 
1055 calorias 10% calorias Combustitcis lect Oleo Gaz 
por habitante solidos tidade 
1937 4,148 11,0 79,7 sa 0,7 5,6 
1919 1,451 


10,8 rm эЛ KAD 6,0 
| 


Embora se acuse nitidimente e tendencia рага o aumento. relativo 
do consumo da energia. eléctrica, notuese que apenas. 5,1%, da energia 
total consumida provém da electricidade. Não deixa por iso de parecer 
paradoxal а importância funtkinental que hoje em dia se atribui à ener 
gia eléctrica, а ponto de se the dar lugar de primazia emi qualquer plano 
de fomento. | 


41) — Bibliogiafia . 3 
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Tal facto deve-se, sem qualquer dúvida, à utilidade desta forma. de 
energia, que permite, pelas suas múltiplas aplicações, dar à grei unma 
soma de bem estar e de comodidade que nenhuma outra lhe pode pro- 
porcionar. 

Na epoca actual ninguém concebe à existência duma fábrica não 
electrificada ou de uma casa que não se ilumine a electricidade e que não 
utilise esta forma de energia nos usos domésticos . 

O pesado trabalho dos homens é aliviado de maneira prodigiosa pelo 
emprego deste servo dócil, que obedece cegamente e mediante a prática 
de actos elementares, que não exigem qualquer esforço. 

O seculo XIX foi и era da máquina a vapor, €, consequentemente, 
do carvão; à potência carvoeira correspondia a potência industrial. 
E, assim, vimes a Inglaterra atingir nese periodo a epoc áurea do 
seu poder € da sua prosperidade. Com o advento da electricidade o 
problema mudon de aspecto: о declínio da máquina a vapor ¢ uma 
consequência do desenvolvimento de outras formas de energia, desde а 
que provém dos combustíveis líquidos até a que € produzida peli elec 
tricidade 

E os países que se encontravam dependentes dos combustíveis sóli- 
dos de importação começar а explorar а» suas fontes nacionais de 

gia, até ai desaproveitadas, dandose no mundo uma nova distri- 

ão do poder industrial. 
Podenrsê considerarse como indüstr chaves, Além da electrici- 
dade, os combustivel o ferro, o aço € O cimento. Nem todos os países, 
porém, as podem ter e explorar, porque dependem dos recursos natur is. 
Mas todos оу pases podem criar а sua indústria nacional de energia 
eléctrica. que se transformou num elemento essencial da política eco- 
nómica des Governos não só pelas vantagens que contere, mas porque, 
além de ser um produto especificamente nacional é ainda a bise da 
industrialização do pais. 


2 — A posição de relevo oc upada pela electricidade no conjunto in- 
dustrial dum país € dada pela importância dos investimentos realizados: 
na Europa atingem cerca de 12% e 1% do total; nos Estados Unido: 
alcançam os 20%: na Belgica, em 1039, era a seguinte а distribuição de 
alguns investimentos (capital e lundos de reserva) em relação до total 
(com excepção des correios, telegratos e teletones e caminhos de terro): (7) 


Electricidade ooo IB, 
СТ бе, 
Fahricações metálicas 
CGinvões 
Aliment 
Sicler urg iin. 


у — Uibliogratia n^ N 
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Em Portugal, segundo um inquérito particular realizado рага um 
reduzido número de actividades, obtém-se os seguintes valor 


Electricidade .... 
“Navegação ..... 
Mougens ....... 
Cimento e Ceram 
“Tabacos ....... 


Estamos em crer que as simples comideracóes produzidas permitem 
destacar com o relevo suficiente а razão de se atribuir à industria da 


energia electrica um papel preponderante em qualquer planejamento 


e económico. 


3 — Os estudos estatísticos indicam que os aumentos de 


consumo se 


dão mais fortemente nos usos domésticos, e não se vislumbral a possibi- 
lidade de atingir a saturação em futuro mais ou menos próximo, Assim, 
por exemplo, o consumo doméstico na Europa, de 1938 рага 1951, pas- 
sou de 18% para 26%, ao paso que os consumos industriais|e de trac- 
cio se reduziram respectivamente de 75"; para 69€ e de 7% рага 595. 


/ 
Em Portugal as coisas passanrese de maneira um pouco diferente. Com 
efeito, embora o consumo doméstico passe, entre 1927 e 1952, de 22% 
para 23,807, o consumo industrial, em vez de diminuir, acusa um forte 
aumento, de 22,6%, para 45304, denotando o esforço de industrializa- 
ção do Pais; ji na tracção se verifica a lei geral, reduzindo-se D consumo 
de 19.1% para 6,7%. | 

Se notarmos que o consumo domestico. específico por habitante eu- 
ropeu foi de 180 kWh em 1951, e que na Suissa atingiu 810 KWh, encon- 
traremos motivo para pensar no enorme incremento que traria o simples 
facto de se alcançar na Europa. este valor especílico médio! poderemos 
computa-lo em cerca de 267.000 milhões de kWh ou seja cerca de 90% 
do consumo total registado em 1951. Este número só atinge porém o 
seu verdadeiro significado, se nos lembrarmos que o consumo! específico 
suisso não é de qualquer forma wn limite (na América do | orte, por 
exemplo, é muito mais elevado) oferecendo por consequênci. largas pos- 
sibilidades de aumento. | 


4 — Na elaboração de um plano de fomento devemos por tonsequén- 
cia examinar primeiramente os problemas ligados coni а indústria da 
energia eléctrica — produção, transporte e distribuição. Como fazer a 
relacionação de cada um destes estádios com as restantes | Actividades 
económicas ? 


s H . dj a + jd] 
tentado, à primeira vista, em definir, como clemento base, 
а localização de todos os centros possiveis de absorção de energia, com 
as potências e os consumos respectivos. Cometer-se-ia porém [um pesado 
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Ж 2 - 
TENDENCIA DE EVOLUÇÃO DO CONSUMO DE ENERGIA 
¡ELÉCTRICA EM DIVERSOS PAIZES DO MUNDO - 


i 

Т - ENVOLVENTE DE 75% DOS CASOS 

IT- ENVOLVENTE DE 50% DOS CASOS (cure ridu) 
II- ENVOLVENTE DE 25 Ж DOS CASOS 


5 IO ANOS 

— Conjunto de todos os paizes considerados 

Conjunto dos paires da Europa considerados 
— Estados Unidos e Canadá 


erro, pois as omissões e as inexactidões seriam certamente numerosas, e 
o método, que aparenta um invejivel rigor, facilmente redundaria em 
grosseira estimativa, a corrigir com o andar dos tempos. 

O processo a seguir deverá por consequéncia ser outro: partindo do 
constimo existente estabelece-se a lei de variação ао longo do tempo, Га- 
zendo-se assim as previsões, das necessidades que devem sei cobertas pela 
produção. 

Segundo um estudo do Engº. Pierre Ailleret (). о aumento do con 
sumo pode ser considerado como a resultant: de dois fenómenos diferentes: 


а) Рог um lado, а conjuntura econômica influi sobre os consumos 
industrial e doméstico, que tem uma correlação estreita com o 
indice de actividade económica. 


b) Por outra lado, o consumo apresenta uma tendência natural 
» para o crescimento, independentemente da actividade económica, 
pelo simples facto. da electrilicação progressiva das indústrias e 
das casas, € que corresponde, alinal, à substituição progressiva 
pela electricidade de outras formas de energia. 


O consumo poderá asim ser expreso por uma fórmula do seguinte 
tipo: 


Consumo eléctrico oe (indice de actividade industrial)" x 
™ exponencial do tempo. 


O exame estatístico permitiu concluir que verá no. 0,4 ca expo 
nencial do tempo tal que а duplicação do consumo se dari em 13 a 
LI anos, 


Em resumo, pode interpretarse esta lei du seguinte forma: 


а) O consumo tem uma tendéncia anual de crescimento igual а 
595. independente das variações Ча actividade industrial. 


b) A esta tendência sobrepócmse variações de б 0,175 por cada 
1% de variação para mais ou para menos па actividade industrial. 


Na prática a solução do problema obtém-se бас лите, porque os 
consumos obedecem а uma inexorável lei de crescimento em progressão 
geométrica: duplican em períodos compreendidos entre R ¢ 10 anos, 
seja qual tor o grau de industrialização do país. 

Pode ема lei ser transitoriamente. desrespeitada em regiões pouco 
industrializadas em que começam a aparecer as grandes indústrias electro- 
químicas e electroanetalürgicas e em épocas de crise ou de excepeional 


(3) — hibliogratia n." à. 
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actividade económica: mas, por um lado, com o aumento global do con- 
sumo, estas influências vãose diluindo progressivamente; e, por outro 
lado, sendo aquelas indústrias abastecidas com energia de carácter tem- 
porário, as próprias irregularidades climatéricas, dum ano para outro, 
se encarregam ide atenuar estas diferenças. 

Elementos) estatísticos referentes aos países e periodos a seguir in- 
dicados (*) | 


h 


Alemanha ......*. 1025 a 1943 
Belgia .. 1995 a 1989 e 1916 a 1950 
Canadá ....... Waheed i 1927 a 1950 
Espanha ........... 1029 а 1934 e 1940 a 1950 
E: H.... І 1925 а 1950 
Finlandia ........ .. 1930 a 1930 e 1049 a 1950 
Franga 1995 a 1939 e 1916 a 1950 
Holanda 1932 a 1939 e 1947 a 1950 
Italia 1925 а 1911 e 1917 a 1950 
Inglaterr: | 1925 а 1950 
Noruega 1030 a 1939 e 1916 a 1950 
Portugal 10927 a 1950 
Suecia . i 1931 a 1950 
Suisa ............. 1931 a 1950 


permitem concluis que em 10 anos, 0 consumo [oi multiplicado 


aor mais de 2 em 25€, dos casos 
[9 


por menos de 1,65 em 25%, dos casos também. 


Os resultados obtidos para a Europa são perfeitamente comparáveis 
com os que se referen à América do Norte e ao Canadá. Com efeito, 
verifica-se pelo gráfico que as curvas são na realidade paralelas e que a 
probabilidade de consumo ser multiplicado em 25 anos рог mais de 5 
ou por menos de 3 € inferior а 1/4. 


5 — Ма Europa, devastada pela guerra, o consumo, de 1988 para 
1951 (13 anas) aumentou 98% mas, já em Portugal o incremento foi 
de 13895; teve influência nítida o período de hostilidades em que o con- 
sumo acusou regressão acentuada; basta notarmos que o aumento médio 
foi de 10% de 1932 a 1949, isto €, duplicação em pouco mais de 6 anos; 
nos Estados Unidos, porém e no período acima relerido, o consumo pas- 
sou de 100 para 302 e na II. R. S. , de 100 para 257! Não se pode, 
evidentemente, verificar uma lei em tîo curto espaço de tempo: o es 


(4) — Bibliografia п.” 7. 
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forgo da guerra nestes últimos países trouxe um lorte aumento de con- 
sumo, originando assim singularidades na curva de evolução: ao longo 
dos tempos, porém, obténese à duplicação entre os 8 e os 10 anos. 

Aliás, como as previsões a longo prazo são faliveis, como deve sem- 
pre haver uma margem duns 20% pelo menos entre as disponibilidades 
energéticas e o consumo, e como o tempo uecessirio para a entrada em 
serviço de novas fontes produtoras oscila entre $ e 5 anos, há apenas que 
estabelecer previsões a praso curto, e, periodicamente, rever os programas 
para se realisir o ajustamento com as realidades, 


6 — Um plano de fomento €, por consequência, de natureza emi- 
nentemente dinâmica; € uma verdadeira luta contra o tempo; tem de 
se adaptar às circunstâncias e acompanhar o desenvolvimento da nação, 
moldando-se às novas conjunturas económicas, sociais e financeir 

O Parecer da Camara Corporativa sobre o Plano de Fomento Portu- 
gués (*) foca este aspecto com especial clareza ао afirmar: “vários indi 
cios levam a supor que nem sempre é vista em verdadeira grandesa a 
necessidade sem fim de acrescentar sempre mais, em ritmo crescente, o 
equipamento nacional da produção, tramporte e distribuição. E mais 
adiante: "A tendência não é para enfraquecer o ritmo das obras, mas 


antes pura о aumentar, porque e consumo cresce em progressão peome- 


> 


tica. Um país não é susceptível de dar por finda а sua electrificaçã 

O Fug“. Pierre Ailleret define este aspecto de instalações eléctri 
da seguinte forma: "o c "er esencial desta arquitetura é não ser a 
de um monumento construído duma só vez рага a eternidade é uma 
arquitetura dinâmica, que tem de atender aos mesmos problemas que 
o urbanismo, num pais novo em desenvolvimento rápido”. 

Os progresos técnicos actum no mesmo sentido, pois novas formas 
de produzir energia ou melhorias substanciais de rendimento em meios 
existentes de produção, podem alterar por completo à fisionomisn do 
plano: assim, por exemplo, a diminuição do consumo específico das cen- 
trais térmicas, que chega hoje a valores da ordem das 2.100 kilacalorias / 
kWh () põe de novo em equação o problema transporte de carvão com- 
parado com transporte de energia, pois à diminuição de perdas no trans 
porte da energia eléctrica pela. elevação de tensão contrapõese à menor 
ШО de combustivel а transportar pelt melhoria do rendimento 
da central. 

A elevação de poténcia unitária das centrais térmicas É outro pro- 
blema а considerar pela influência que pode ter mit substituição anteci- 
pada do equipamento existente: a comparação feita por M, Ricar (7) 
entre а vantagem de concentrar, por um lo, a produção térmica, e, 
por outro lado, de aproximar quanto powivel a produção do consumo, 
levou à conchisio que a potência unitária deve crescer tum pouco mais 


(%% — Bits, liga n 2. 
(0) — Bibliografia net 
(7) — Mibliogralia n." 7. 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


lentamente do que a rais quadrada da densidade do consumo, ао passo 
que o número de centrai ce um pouco mais rápidamente do que es 
raiz quadrada. Extrapolando esta regra € admitindo que es consumos 
duplican em 10 anos, seriamos levados a prever a duplicação da potência 
das centrais todos os 23 anos e л duplicação do seu número todos os 
18 anos, 

As turbinas a gs, de menor custo, podendo ficar loc lizadas perto 
dos centros de consumo, por precisarem de pouca refrigeração, permitem 
resolver facilmente o problema das pontas e reduzem a extensão da зеде 
de transporte. 

As centrais nucleares, por seu dado, poderão trazer uma contribui 
decisiva para à alteração dum programa a longo prazo, introduzindo 
novos elementos de apreci cão de exirent importância. . 

A utilização efectiva da energia nuclear d jû hoje uma realidade: 
o calor desenvolvido num reactor é utilizado para acionar um subma- 
tino e tanto a Inglaterra como a América têm já em construção, cada 
иша, um grupo gerador lixo сија potência ultrapasará 50 MW. 

É cedo ainda para se dilinir a orientação em matéria de reactores 
nucleares; uma coisa porém é certa: afastouse рага muito longe o es- 
pectro duma eventual caréncia de energia no mundo, ¢ introdusiuse 
um novo factor extremamente importante na localização das centrais. 
Com efeito, tendo o combustivel da pilha atómica um volume muito re- 
duzido, a central poderá ser localizada onde melhor convier, desde que 
tenha água de refrigeração suficiente. 

O perigo das radiações atómicas impediri, pelo menos por enquanto, 
que ela se construa junto às grandes aglomerações urbanas; mas podera 
ticar sulicientemente perto para reduzir os transportes de energia. 

A central atómica ¢ por consequência um elemento а tomar em 
consideração no estabelecimento das redes de transporte: estes devem 
ser limitadas ло optimo económico, sem grandes antecipações рага ne- 
cessidades futuras, porque а пока técnica. trarão fatalmente uma pausa 
nos transportes de energia a longa: distância, 

Finalmente o aumento especifico do consumo vai reduzindo sucessi- 
vamente а хопа de acção dos aproveitamentos hidroeléctricos, — o hin- 
teland hidráulico, — de forma que as redes terão de transportar quanti- 
dades macissas de energia a «латах cada vez mais curtas. 

Em resumo, a tendência a ter em conta па Qranslorntação dinámica 
dum plano de fomento eléctrico vesumese nos seguintes pontos: 


a) Aumento do número e da poténcia unitária das centrais térmi- 
Cas, € sua aproximação dos centros de consumo; 

b) Diminuição do hinterland hidráulico; 

«у Diminuição correspondente das «мапе de transporte e ate 
mento da potencia transportida; 


dy Utilização des centrais atómicas. 
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É por isso que um plano de fomento não se elabora para servir de 
espelho a um narcisismo precioso: é uma simples orientação, a seguir 
dia a dia, para ser adaptada também dia a dia às necessidades da nação 
e aos progressos da técnica. i 


7 — Uma vez estabelecida a lei da var cio do consumo, e conheci- 
das por consequéncia as necessidades em futuro próximo, importa de- 


1 2 . В Га irr 
finir primeiramente o programa de realizações em matéria de centros 
produtores de energia. 1 


Cada país, naturalmente, começará por aproveitar, dentro do possi- 
vel, os seus recursos próprios: o apetrechamento das fontes nacionais de 
energia é um imperativo político e económico а que ninguém hoje pode 
fugir. Podemos recorrer а duas origens principais: os aproveitamentos 
hidroeléctricos e as centrais termo-eléctricas; Não me refiro ao aproveita- 
mento da energia das mi da energia solar e dos ventos, que nio po- 
derá certamente produzir volumes de energia que sejam comparáveis com 
os provenientes de outras fontes, nem à energia atômica, que, como dis 
semos, levará ainda alguns anos a ser uma realidade industrial. 

Em todos os países de recursos carboniferos abundantes, como os 
que estão incluidos na zona central da Europa, existe o predomínio da 
energia térmica: nos restantes paises ou zonas, 20 Norte e ao Sul, já a 
energia hidro-eléctrica tem а vantagem. | 

Os recursos hidráulicos, de carvão e de lenhite das 3 zonas encon- 
transe assim distribuidos: (^) i 


Recursos | 

hidráulicos i Carvão Lenhite 
Zona Norte 35"5 ; 0,19% — 
Zona Central 16% |o 98,507, 92e, 
Zona Sul ............. 490: | 1.1 86 


A relação entre a produção hidráulica d térmica temae mantido sen. 
sivelmente constante; com efeito: : 


| 
Térmica Hidrica 


f 1938 207 BREZ 
Europa ....... | 

ENT Gu; 38% 

1938 6607, 31 
US A | 

| 1951 76% 24%, 

Ре 1938 88% 120% 
e H 

1051 36% mes, 


(8) — Bibliografia n° 4. 
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Esta permanéncia no indice (apenas па América acusa um aumento 
sensível) significa claramente que a política do aproveitamento das fontes 
de energia tem sido mantida com notável constância e em obediência aos 
imperativos de carácter económico e político ji citados. . 

Deíinidos os recursos a utilisar, importa estudar a melhor localiza- 
ção das centri este problema interessa apenas à» oficinas termo-eléc- 
tricas, pois а sua localização exige um acurado estudo comparativo entre 
os custos dos transportes da energia ¢ do carvão: os parámetros sao mui- 
tos, mas chegar-se-i normalmente à conclusão que as lenhites ou os cem- 
bustiveis muito pobres ( da ordem das 3.000 cal/kg.) se deverão quei- 
mar à boca da mina e que os carvões ricos (com ma de 5.000 cal/hg) Е 
se deverão utilisar junto dos grandes centros de consumo. 

Cada caso terá de ser estudado separadamente, pois o simples facto 


de se tratar duma central de trabalho permanente, ou, pelo contrário, i 
de uma central de apoio e de reserva pode alterar por completo as con- В 
clusóes do estudo. EA 
E "ET : 2 
8 — Para projectar a rede de transporte já с indispensável conhecer M 


a distribuição dos grandes centros de consumo para dimensionar e estru- 

turar as linhas de alta tensão. Torna-se ainda necessário estabelecer as 

artérias de ligação entre zonas ou paises diversos, de predominio hídrico 

ou térmico, de diferente regimen hidrológico ou mesmo térmico (cen- 

trais de altos fornos, centrais de gases naturais, centrais de carvões mais 

ou menos ricos). 

Neste capitulo de interligação, tanto entre zonas do mesmo pais, > 

como entre países diferentes, não devemos porém levar o nosso zelo muito 
à longe, porque, ao fim e ao cabo, as trocas são insignificantes. Basta, para 

tirar esta conclusão, examinar alguns elementos estatísticos. Assim, por 

exemplo, as percentagens de energia exportadas na. Europa em relação 

à produção total são as seguintes: (°) 


1937 — 1.3%, 
— 1,1% 
id 1.94% 
1949 — 1,36! 


1950 — 1.3% 


HO 


E não se julgue que o resultado. indice apontado provém de difi- 
culdades de fronteiras da velha Europa: nos Estados Unidos, por exemplo, 
apenas 4,5% da produção total loi exportada para fora das fronteiras 
dos diversos Estados. 

A explic 


ção do fenómeno € simples: à energia deve ser consumida 


o mais perto possível da fonte de produção, e, por isso, о» transportes é 
macissos de energia a distância longa sio automaticamente reduzidos. À 
(9) — Bibliogiafia n." 4. 

Ld 
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Por estis razões deve por-se de parte a ideia da criação duma super 
rede de muito alta tensão, à escala continental, sobrepondo-se às redes 
nacionais: as interligacóes l'arse-ño progressivamente, it medida das ne- 
cessidades, e só se passará dum nível de tensão para outro quando o pri- 
meiro se encontrar em vias de saturação e us potências e volumes de 
energia a transportar justifiquem tensão mais elevada. 


9 — A rede de distribuição, finalmente, tem de se conceber para le 
energia а todos os pontos, e deverá ser feita à escala da produção: isto €, 
se, por um lado, não fac sentido esirangular a produção, montando redes 
exiguas que não permitan o escoamento de toda a energia gerada, por 
outro lado é um contra senso econômico fazer redes dimensionadas com 
folga demasiada. 

Os encargos de distribuição perio então de tal fornia sobre o kWh 
distribuido, que o seu custo tornarà impossivel aumente o volume das 
vendas, e, porianto, aproveitar a total capacidade instalada. 


O equilibrio entre os diversos estádios produção, transporte e distri- 
buição é condição sine qua non para o desenvolvimento harmonioso do 
conjunto. Os investimentos devem estar distribuídos de maneira que à 
produção caiba cerca de 50", e ло transporte e à distribuição outros 5067. 


10 — O problema dos investimentos a lazer apresenta uma conside- 
nivel importância; é preciso não sacrificar a ebiciência das realizações a 
economias que não se compadecem com a verdadeira estrutura do plano: 
mas € preciso tambéni não realisar investimentos inúteis, sob a idéia dum 
kalso critério de seguranga, e que vão onerar fortemente о preço de custo 
e diminuir por consequencia as possibilidades de expansão económica. 
Uma solução de compromisso entre os dois extremos condus justamente 
aquele equilibrio que sa a experiência e o sentido das realidades per- 
mitem alcançar. 

Isto € particularmente verdadeiro pario fomento da electricidade: 
o material eléctrico, grosso inodo, tim uma vida média de 50 anos; neste 
período de tempo, па hipótese de duplicação em 10 anos, o consumo é 
multiplicado por 8. Se a instalacio existente permitisse a satisfação deste 
consumo, no termo da sua. vida Омса teria de ser substituida por uma 
outra com uma capacidade В vezes maior. Na realidade, isto não sucede 
assim, porque correspondia а ter um capital improdutivo durante muito 
tempo. E os investimentos [дует sucesivamente. sempre subordinados 
à lei do crescimento do consumo e as novas instalações entram em serviço 
antes do desaparecimento ou substituição dis existentes. 


Quer diver, tem de se adoptar а solucão intermédia entre poderosas 
instalações que déem para larges апоу ou pequenas instalacóes que салат 
uns escissas dois а trés anos, 


Para escolher o tipo da central midis conveniente, devemos lazer um 
balanço energético dos investimentos a realisar, para se conhecer o preço 
da caloria útil, 
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“Teremos portanto de entrar em conta com todos os encargos prove: 

nientes das instalações a! montar, desde aquel que se referem ao capital 

até às despesas de exploração, e, determinar, para várias hipóteses, O 

prego, em moeda estável, da calo útil produzida. Obteremos assim а 

melhor solução económica (que não coincidirá porventura com a me- 


thor solução politica) e que pode aliás ser alterada no decurso do tempo. 


1] — O Parecer da Camara Corporativa relativo ао Plano de Fo- 
mento Português dá justamente o necessário relevo ao problema da ener- 
gia eléctrica, ao dizer logo de início: “O abastecimento de energia eléc- 
trica do País, é, seguramente, а mais palpitante questão tratada no Plano, 
pelo seu carácter de exigencia pública que não consente demoras, pela 
situação de insuficiência em que nos encontramos, apesar da obra já 
feita, e. pelo grande volume de capitais que movimenta”. Com efeito, 
dos investimentos previstos para a indústria, no total de 3.616 milhões 
de contos, destinam-se 2.786 milhões de contos (76%) para a electrici- 
dade. | 

O estudo das necessidades de consumo е das posibilidades de pro- 
dução (em апо médio, levou aos valores a seguir indicados: 


T 1 


i y 
Produção i Consumo , Saldos 
i : 
1 preme E A \ 
Perma- | п empo- Perma- Tempa- | Perma- |o Tempo- 
nente raria nente i ratio nentes | vários 
NE ] | i ] 
E S222 8 
jus kWh 105 kWh | оо kWh 
„ые dep ет T к = 
19533 1.080 | 200 j 1.320 i 250 — 240 — 50 
; 
1954 bags 2% % ро O „ оно — an 
Vi | i 
Ise ee 1.380 220 | 1.7000 250 — 180 — M 
! i Н 
| i t 1 
195 jo 1.640 | 2000 кореш |o vu — 50 | 10 
Pod i 
MIS loin 1.780 270 {мо s 2500 — 10 + 2505 
| d | | 
1958 ........ пош 2% 1 1. % , 2% с + 100 + 40 
bd ‚ | 
1959... 2. 4% | зо 2100 : 300 IJ. 330 + 40 
| ! ! 


Precisamos de analisar atentamente estes números рага lhes atribuir 
o seu exacto signilicado! 

As produções reteremse а anos hidrologicamente mèdios, quer dizer, 
serão muito influenciadas pelas condições meteorológicas: e determinado 


i 
| 
| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i 
| 
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ano, que no quadro acima apresenta um saldo positivo ou negativo, pode 
ver o saldo com sinal diferente, se o regimen de chuvas não corresponder 
à média. 

Consideremos o ano de 1953, que vai ilustrar de maneira Hagrante 
estas considerações. A produção total hidro-eléctrica deverî atingir os 
1.000 [milhóes de kWh, contra os 1.280 milhões previstos no Plano; se 
considerarmos que todo o consumo electro-quimico foi de energia tem- 
porária (au, pelo menos, deve ser considerado como tal), teremos” 


Energia permanente — 850 milhões de kWh 
Energia. temporária — 150 milhões de kWh 


Em relação à, previsões а quebra toi de 


Energia permanente — 230 milhões ou seja 21,30, 
Energia temporária — 50 milhões ou seja 25 б, 


Quer dizer. wm ano seco, como o de 1953, altera por completo os 
números previstos pelo Plano, que adquirem assim o seu verdadeiro sen- 
tido, isto €, simples previsões correspondentes a determinadas hipóteses. 

Vejamos agora o consumo; em 1953, segundo os números provisórios 
apurados, a produção total deve andar à volta dos 1-400 milhões de kWh, 
inferior por consequência em 170 milhões de kWh (10.8% an valor pre- 
visto nó Plano. Considerando os consumos permanente e temporário obte- 
mos os| seguintes números: 


Permanente — 1.250 milhões de kWh 
"Temporário — — 150 milhões de kWh 


E às dilerencas em relação ao Plano serão então 


Permanente 1.320 — 1.950 0 70 milhões de kWh (5.3%) 
“Temporário 250 — 150 100 milhões de kWh (40 ony 


А quebra по consumo temporário é proveniente do mau ano hidro- 
lógico, e nic merece por consequência qualquer comentário, visto os mi- 
meros do Plano se referirem а anos médios. No consumo permanente, 
dado que não houve restrições. porque a produção térmica suprio as fal- 
tas hidro-eléciricas, it ligeira diferença provém de se ter admitido para 
1952 um consumo superior ao verificado, e, portanto, os consumos sub- 
sequentes serão influenciados por еме facto: dentro da ordem das pre- 
visões, porém, os números do Plano estão certos, tanto mais que hã 
sempre vantagem em prever com ligeiro exceso, para obter folgas que 
compensem апоу hidrológicamente maus, crescimentos anormais do can- 
sumo of eventuais atrasos na entrada em serviço de novos aproveita- 
mentos. 


Conclui-se asim que os saldos negativos previstos no Plano nio cor 
respondem a falta de energia: › delicits de produção hidroeléctrica, 
que iserão cobertos pela produção térmica. 

^A análise dos números inscritos no Plano como evolução do consumo 
permanente permite verificar que se adoptou uma taxa média de cresei- 
mento decrescente de 9, 1%, no primeiro ano а 7.1% no último, com o 
valor médio de 8^5, ou seja, duplicação em 9 anos. 

Em 1953, o consumo permanente acusou, em relação а 
aumento de 1075. E nos últimos 20 anos (1933 a 1953) а produção total 
passou de 302 milhões de KWh para 1.339 milhões de kWh, isto C. foi 
multiplicado por С, que corresponde à duplicação em cera de 9,5 
anos, taxa média de 7,8",. 

¡Uma vez fixada a lei de evolução do consumo, €, por comequéncia, 
das necesidades, definiuse o plano de constració dos elementos de pro- 
ducáo. 

Para a escolha das centrais hidro-cléctricas 4 construir tiveram se em 
conta os seguintes elementos: ( “o preco de custo do kWh produzido, 
o grau de regularização, dependente de ser mais necessária em dada 
época a energia de inverno, a energia de verão ou à energia regularizada 
todo о ano; а potência instilada, subordinada so volume das necessida- 
des à suprir em potencia ou energia: a continuidade da marcha dos esta- 
Iciras, aconselhande a construção sucessiva de centrais vizinhas; a me- 
lhoria que uma central construida а montante pode trazer solne is cen- 
trais de jusante; o tempo de construção ou o avango do projecto, quando 
haja urgência em conseguir 1ápidamente a entrada ein serviço da nova 
unidade, por último, a localização, dependente da posição dos comunios 
a servir, porque o transporte mais curto c mais seguro ¢ mais barato, 
sabido que sob ese aspecto а posicio optima da donte é o cento de 
gravidade dos consumos" 

“Foi em басе destas considerações que se decidia completar os apro- 
veitamentos do Zézeie e do Givado e iniciar os ttabalhos do aproveita- 
mento da Dacia hidrográfica do Domo. 

Este esquema será completado por uma central térmica а construir 
junto às minas de antracite do Norte do Pans, destinada a servir simule 
tângamente de apoio à rede primária enr anos secos, e a garantir o con. 
sumo dos carvóes pobres. 

Quanto à rede de transporte, admite-se a necessidade de ampliar a 
rede actual a 150 AV. e sobreper uma nova. rede а 220 KV, imposta pelo 
apróveitunento do Douro Internacional pois, as quantidades de energia 
a transportar e as elistâncias aos centros de consumo exigem unma tensão 
mais elevada. 

No que se getere à distribuigio o Plano considera а necesidade de 
ampliar e remodelar as pedes actuado, de borma à garantir o escoamento 
da energia produzida, 


110% — Bibliografia no 2 
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Na carta junta represents as centrais já construidas e a construit 
em obediência ao Plano, e o jânteprojecio Ча rede de transporte que 
+ H 1 = 

deve interligar os centros de produção com os centros de consumo. 


i2 — O Plano de Fomento Portugués, estabelecido para o periodo 
1953-1058, considerou toda a actividade económica da писао, examinando 
as necesidades e a evolução luthra da agricultura, das minas, da energia 
eléctrica, de siderurgia, da refinaçäo de petróleos, dos adubos asotados, 
da folha de Flandres, da celulose e papel e dis comunicações e transpor tes. 


Neste balanço total a energia eléctrica tem um papel de relevo, pois 
justamente, se entendeu ser cla h chave da abobada do edifício industrial, 
que se pretende erigir € completar. 

Em 1901, escrevia Апен de Andrade: “não há erro económico 
mais perigoso do que a industrialização de um pais, quando nele faltan 
apropriadas condições, Onde ач matérias primas taltam e onde o carvão 
de pedra não existe, as indústrias só podem medrar à sombra de protec- 


ções caras.” i 


o MENTO e beta é o БЫН 
A energia eléctrica veio alterar este condicionamento, criando as “con 
dições apropriadas para o desenvolvimento industrial. 


Desta forma, países de traços recursos em mato ias primas, como Por: 
tugal, puderam, não transformarse cin grande potência industrial, más 
adquirir uma certa independéncia económica, aquela independènci: 
consiste em cada um valorisar| os seus recursos próprios, podendo assim 
elevar o nivel de vida da sux população e libertar progresivamente o 
individuo da dura servidão dos trabalhos pesados. Ема é a minão civi: 
lizadora da electricidade. | 


Restimo 


Entre as diversas fontes deleneigia а elecuicidade ¢ a menos impor: 
tante de todas sob o aspecto ¢ vantitativo, representando apenas 5,1%. 


Tem porém papel de relevo no mundo de hoje, pela sua utilidade, 
constituindo a base de industrialização de qualquer país; os investimen- 
tos пема indústria representan a percentagem mais elevada, : 

Os consumos aumentam sempre, em progreso geométrica e não se 
vislumbram: quaisquer indicios de saturação. Na elaboração dum plano 
de fomento deverá por consequência atenderse а ема lei de crescimento, 
c ainda todas as inovações de ¡carácter técnico que posam surgir. Por 
isso, se tem de encarar um Plano de Fomento como sendo de naturezit 
essencialmente dinámica, deveiudo adaptarse а todo о momento à con: 
juntura. “0 

Para а escolha do melhor) sistema de produção de energia devete 
determinar o preço da caloria til e lixar а localização das centrais tér- 
micas; as redes de transporte «, de distribuição devem ses projectadas ti» 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


mando om conta а localização das Gagas, com tolga suficiente раа nio 
esrangular a produção, mas пло tão elevado que o EWE oansportado c 
distribuido apresente um custo proibitivo. 

Os números relerentes а produção de enegia elécuica incluidos no 
Plano de Fomento Portugués, comparados com os valores de 19 mas- 
tram que as previsões foram feitas com ligeira folga, o que tem a maior 
vantagem. 

A energia eléctrica criou em Portugal o clima propício à industria- 
lização, que segue em ritmo acelerado. 


RESUME 


Parmi les différentes sources d'énergie, Vélectricite est celle ani a da 
moindre importance sous l'aspect de quantité, car elle correspond. seule 
ment à 5.1%. Mais sous l'aspect de l'utilité, le problème est tout à fair 
différent, parce que l'énergie électrique est la se de l'industiialisation 
de tous les pass: les investimento dans l'industrie électrique représentent 
le pourcentage le plus élévé. 

La consommation augmente toujouts, en progression peomctrique, et 
Ho'y а pas de raison pour penser que la cadence de developpement va 
vValaiblir. Quand on prépare un Plan Économique on doi: respec ter 
cette loi de croissance et aussi toutes les inovations techniques qui peu- 
vent apparaitre. 

C'est pourquoi un Plan. Économique est de nature dynamique, de- 
vant toujours s'adapter à be conjoncture 


Pour faire de choix du meilleur sisteme de production d'énergie, on 
doit calculer le prix de revient de da calorie utile et Има l'emplacement 
des centrales thermiques; les réseaux de tansport et de distribution doi- 
vent étre capables d'alimenter des centres de consommation avec une 
пире sullisante pour ne pas éiangler da production, mais pas si élevés 
que le prix de revient du kWh ne devienne prohibitit 

Les chilfres se rapportant à da production de Penergie électrique du 
Plan Économique Portuga compares à ceux obtenus en 1053 montent 
que les prévisions dépassent légèrement da réalité, ce qui le plus grand 
avantage. 

L'énergie electrique à donné au Portugal le climat necessaite pout 
Vindustrialisation, qui ne poursuit sens cesset 


SUMMARY 


Quantititively, electricity is the Teast inportant of the various sour 
ces ol energy. It represents only 3,19 af the total 

From the standpoint of utilis, the position is quite different. Elec 
tric power i» the foundation of industry in all modem countries, where 
the invesunents in the electrical iudesus iure ol a serv high order. 
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The consumption of electric energy is steadily increasing in а geo 
metric progresión, with no sign ol a saturation of demand. 


An Economic Program must respect this geometric law as well ау 
consider the technical progress that may occur in the industry. 

Consequently, ап Economic Program must be essentially dynanie and 
adapt itselt to changing conditions. 

lar the choice of a system of power production, the cost price of the 
useful calorie must be calculated and the locations of thermo-electric 
stations must be determined; the transmission and distribution systems 
must be so developed that they may properly supply the consumers, with 
a sufficient margin to meet increasing production, set. comme nsurated 
with a reasonable price per kWh. 

The figures of the production ol electric power in the Portuguese 
Economic Program compared with those. actually realized. in 1953 show 
that the previsions have exceeded reality. This muy be considered a 
highly satisfactory. condition. 

Electric power has given to Portugal an incressingly favorable atnos- 
pherz for industry. 
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CONFERÉNCIA MUNDIAL DA ENERGIA Titulo 7 
WORLD POWER CONFERENCE Assunto 7.1 


HEUNIAO PARCIAL 
SECTIONAI, MEETING WOLF (Lo 
Rio de Janeiro —- 1954 Alemanha 


DEVELOPMENT OF INTERNATIONAL 
WATER POWERS IN EUROPE 


SOME EXPERIENCES OF RECEN DU DATE 


By LECNHARD WCLF 


NATIONAL COMMITTEE OF THE GERMANY FEDERAL REPUBLIC 


The steadily increasing demand dor electiie power throughout the 
world has brought about a growing interest in the development also ol 
water powers belonging to ENO or mote counties interior мае: 
powers. Frequently, kage rivers lending themselves to an economical 
exploitation ate involved. One reason lor the favored harnessing ol these 
rivers was the not unfounded hope, in à postwar Europe lacking capital, 
that these international projects would be given preieienee over national 
projects in regard to the release of financing capital Lom international 
funds. At tlie same time, a practical contribution was thus made in 
Europe towards European cooperation. Both the. European. Council, 
which is studying the possibilities ol socalled European companies with 
view to the economic integration of Europe, and. the United. Nations 
Economic Commission lor Europe (ECE) in Geneva have taken as pattern 
the forms evolved in recent times out ob the development of boundary 
waterways. 

it is therelore with justitication that this suject was selected lor a 
report to the next World. Power Conference. In this connection, it can- 
not be the aim to present generally valid rules but rather a short sum- 
mary dealing with various experiences derived from recent European 
developments, These findings might be ol general uselulness, especially 
also in the countries outside of Europe, in harnessing international water 
powers. : 


The waters under consideration are either rivers or lakes belonging 
to several States. The former, in turn, are chositied dilferently accord- 
ing to whether the border tine runs along their comse (contiguous water- 
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ways) or whether the border fine bisects theii corse, meaning that they 
tow through the territories of one er more States ih succession (Stt cess 
ive waterways). It often occurs that one ind thé sane river constitutes 
a contiguous waterway in one part of its course ind ja successive water- 
way in another part. The classification, as will be shown in the follow: 
ing, is of extreme importance. in relation to the procedure governing the 
development. ae 

The special features inherent in ihe development ol international 
waterways lie not in the technical field but arise | the legal situation. 
“Therefore it is advisable to start with a hort description of the legal 
problems resulting from «uch construction projects) The questions call. 
ing tor solution fall under private law, public law nd international law. 
Question of private lau arise from the juxta-position of two national 
legal systems. In general, the solution thereol d nor involve special 
difficulties and calls for no extraordinary measures, às the. principles of 
law of each individual State concerning the conflict of laws (inadequately 
termed international private law) are entirely sufficient. for this purpose; 
particularly as regards private law it is posible almpst without any re- 
striction to arrive at corresponding accords between the parties to am 


agreement. il 

More difficult is the question ot the concurring regulation of the 
public law of several States. Public law ton the greater part is compulsory 
law that cannot be excluded by agreement between the parties to an 
agreement. In regard to some questions the governments may conclude 
treaties concerning the implementation ol legal measures lying within 
the discretion of the authorities, a point of view which has become very 
important for the course of procedure, "There ire questions, moreover, 
which, if open to solution at all, can be solved only by amending the 
relevant legislation. In general, this course is not (resorted to, as the 
agreements to be reached require. ratification by, ¡the legislative bodies 
and are thus exposed. to an examination under political points ol. view. 


i 

Of primary importance. although. in the deyelopment of waterways 
owned by several States are the rules ol international law, which is design: 
ated in this sector also as international water law. just as the remainder 
of international law was not codilied — excepting spme individual sectors 
— so also international water law has not been submitted to codification. 
Ius. principles mus be gleaned from international, legat practice (espe: 
cially international treaties), from scientific theory, and from scarce quasi- 
international case Jaw. Two basic opinions oppose each other in inter 
national water law: "The principle of territoriality, and the principle ol 
integrity. According to the principle of territoriality, eadi State is en- 
tirely free in relation. to other States to dispose ofi the waters within its 
territory and is not resuicted. in its measures Com, Ming ity water regime 
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by any consideration whatsoever for other States. “The principle of | inte- 
grity declares that a State may noi take any measures in its water courses 
or allow such measures to be taken as might result in appreciable incon- 
venience or detriment to another State, excepting this State has given 
| 


prior consent, | 


Since the exploitation of water power for the generation of e ectric 
power has reached practical significance, the attempt repeatedly h: us been 
made to arrive at an international convention concerning questions) of 
international water law, the tendency — corresponding to the much older 
international navigation law — always being in direction towards the prin- 
ciple of integrity. A concrete result, however, has not been achiev d so 
far. The Convention of Geneva signed within the scope of the 
the League of Nations in 1923 (which abo advocated the principle of 
land, Siam, Uryguay and Yugoslavia, it was ratilied only by the follow- 
ing States: Austria, Belgium, Bulgaria, Chile, Denmark, France 
State of Danzig, Great Britain, Greece, Hungary, Italy, Lithuan Po- 
land, Siam, Uruguay and Jugoslavia, it was ratified only by the follow: 
ing States: Austria, Danzig, Denmark, Egypt, Great Britain, Greece, Iraq, 
Panama and Sien, meaning only by such States as did not have com- 
mon boundary. This fact rendered the convention practically ineffective. 
lt is remarkable, furthermore, that. between. the preliminaries for an 
attempt of this sort by an international conference of jurists in Madrid 
in 1011 and the most recent work of the ECE in Geneva, the rules | pro- 
pounded have become steadily more lenient and moderate. Develop- 
ments in this sector of international law have clearly shown that although 
rules of international law can be drawn up on paper, they are dependent 
in their implementation, owing to their unenlorcibility on a general basis, 
on the political situation of power and on the particular interests of the 
States involved, and that they only have a chance to be complied) with 
if (as lor instance in international navigation law) at least it certain de- 
gree ol reciprocity is guaranteed, This sobering conclusion is conti rmed 
by the differing treatment accorded contiguous and successive waterwa 

Regarding contiguons waterways there generally exists u close union 
of interests between the concerning States resulting Irom the very naure 
ot these water course. No one Stute mi у utilize the water power without 
the participation of the other, In practice this resulted. as а matier ol 
course in the treatment on an equal basis ol all problems of development 
and crystallized into the principle that cach of the two parties should 
dispose of half of the gross water power, irrespective whether the hontier 
line follows the deepest navigational channel at low water (the so Ned 
Vhalweg) or runs through the middle of the water surlace. In individual 
cases the solutions arrived at on the basis of this principle might differ: 
for instance, joint construction of a frontier power station or subdivi ion 
ol а boundary river in such wise that each State receives a section ot the 


1 
common border stretch lor exclusive development and exploitation] | 
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Regarding successive waterways, on the other hand, which in most 
cases do not evoke parallel. interests as in the case of contiguous. rivers 
but frequently give rise to considerable conflicts of interests between up- 
муат and downstream riparians on the utilization of the water power, 
opposing standpoints are still being maintained today. “The upstream 
State usually advocates the standpoint. of territorial sovereignty assuring 
it the free disposal of its water power without consideration Гог the 
downstream riparian, whereas the downstream State conversely endeavors 
by holding to the principle ol integrity to safeguard itself against the 
diversion of water or other impairment of the utilization of the river by 
the upstream riparian. The controversy still unsettied today concerning 
the diversion of water from Lake Michigan and the harnessing of St. 
Lawrence River shows that it is extremely difficult to achieve an à 
ment between upstream and downstream riparians on questions of v 
diversion, even if a State treaty as was concluded between the USA and 
Canada in 1900 is extant. On the other hand, the agreement signed. by 
Austria and Bavaria in 1048. relating to the diversion of the mountain 
erecks Rissbach and Dürrach, both flowing from Austria. into Bavar 
demonstrates that also successive water courses are open to agreements, 
even though both parties maintain their opposing legal standpoints. 


Most recent, experiences in the Паз nesing of international water wass 
in Europe relate to the construction ot power stations on Salzach and Inn 
Rivers, on the Danube and on the Rhine which come under the classi- 
lication of contiguous hms, as they form the frontier between Western 
Germany on the one side and Austria and Switzerland, respectively, on 
the other. Phe following remarks will deal with the most important re- 
gulations concerning organisation, construction and operation in regard 
to the essentially similar developinents on [nn and Danube Rivers; expe- 
riences gained in the harnessing ol the section of the Upper Rhine trom 
the Lake ol Constance to Baste will be the subject of a Swiss report to 
be submitted separately, 


For the construction ol the hvdro power stations on Inn and Salzach 
Rivers бу as well as for the fachenstem power plant on the Danube (2), 
the Austrian an German government ollices concerned: concluded an 


(1) On the Lower Inn Gis fai as the dise tams the boundary between G азу 
amd Аймаа, power station Bannan, with а potentiel capacity of 00 MW and an 
gc annual generation of IS million h. ds under. construction at present, 
is on. this giver section call for two tothe generating stations wih a total 
potential capacity of 161 MW and an overall average annual generation of 873 million 
AWh, Seven. frontier power stations, with a potencial capacity ob 133 MW and au 
average annual generation of 780 million PAVE, iie projected’ on Salzacho River. 

(2) The Danube hydro electiic station. Jochensteino ander constuction at present, 
has à potential capacity ob 1H0 MW and an average annual generation af 920 million & Wh. 
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agicement on the foundation of special joint stock companies whose duty 
it is to construct and operate certain hydro-electric stations on the water- 
ways common to both States. The principle generally acknowledged in 
international water law, that the power generated on à contiguous water- 
way belongs to each of tie two States by hall, was once again expressly 
upheld in the agreement. The diversion by halves was not made in such 
manner that the exploitable sites were distributed among the partners 
for exclusive development and operation, but rather it wits agreed upon 
that à group of shareholders of each of the two States take à lilty per- 
cent interest. in the joint stock company, and that each group can claim 
delivery of hall of the power generated by the undertaking at any time. А 
In the first of the two cases it would have been necessary, using the head 
as basis, not to divide by halves but by unequal portions, as the backing- 
up of water into the territory of the one State would have resulted. in 
a higher head in its favor. This was compensated for by deepening the 
tailwater channel of the power station in the territory of the other State, 
so that this increase in head balanced the eflects. 

Mention should be made of the fact that a solution involving the 
operation of joint power station, the energy of which is to be divided 
equally among both partners, may give rise to difficulties in case the ge- 
nerating units installed. in the plant do not feed into a common busbar. 
The control of the unit, which should be adjusted to the waterllow 
at all times, cannot then be effected uniformly for all machine sets. In 
consequence, the optimum ntilization of the waterllow is no longer assur- 
ed. On the other hand, the division of the boundary waterway into sites 
ceded to one or the other of the two States for exclusive development, 
will also lead to considerable difficulties. Moderte crest operations (3) 
which alone render possible the optimum utilization ol water by several 
power stations situated on one river section, require a uniform manage- 
ment embracing ihe whole chain of generating stations, which may not 
always be possible il the power sites are apportioned between the two 


riparian States. 

The advantage of an agreement between. ihe goverment concern- 
ing the establishment ol a company was to be found particularly in the 
fact that this мер opened the way to binding accords relating to ques 
tions of public law. га procedure that cannot be tollowed by à private 
foundation, £t became posible, Jor instance, to insure in this way that 
all technical. problems would be solved only from a standpoint of useful. | 
new, just as il there were no border line and the undertaking lay entirely | 
in the territory ol one State. In the part of the agreement governed i 
by public kaw the principle was laid down that the public authorities 


4% Crest operations. билеу ve qun ofstican plant on chain ol pesci: stations 
me detined as the regulation of operating. water made posible bs shost-time storage i 
ed flow, in edet to meet demand. испао ! 
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of both States would apply the relevant legislation in such manner as 
to further the aims of the company as much as possible. Subsequently, 
the questions were cleared among others of grants and concessions under 
water law, including the procedure to be followed; questions of fishing 
and hunting li questions of taxation (property tax, trade tax, urn- 
over tax, corporation tax, company tax, tax on real estate transactions): 
questions of reciprocal legal assistance regarding taxation; questions ol 
customs, import and export; treatment under foreign exchange law of 
capital payments, transfers of profits, salaries and wages to employees 
and workmen of the company living on the other side of the frontier: 
questions dealing with the sojourn as well as the exit and entry permits 
of persons employed in the construction and operation of the power 
stations. 

Owing to the possibilities created by the government agreements, 
construction work was started, the blank provisions of the agreements 
providing the necessary leeway for the practical execution. As an exam- 
nents stipulating that such articles as 


ple, the provisions of the agree 
are required tor construction, operation and maintenance of the respect 
ive power station shall be exempt from import and export duties in 
accordance with laws in effect on either side of the frontier, were imple- 
mented as follows: The entire construction site has been leneed olt on 
the territory of each of the two States as a sort ol custums-cxempt area, 
Goods may be taken into this area trom both sides of the border free 
of duty, but, in case they are not used inc construction (for instance, 
constructing. equipment) or consumed. otherwise, they are exempt trom 
custom duties only if returned io the land of origin. In order to achieve 
an effective control, all goods brought into the barred zone are therelore 
registered, This enclosed construction area inay be entered by all persons 
in possession of a special permit. Phese persons. however, may leave this 
area only on the side of the border from which they cone. Checking is 
rendered fairly simple by the use ot permits of different colors. To make 
posible the provisioning ob construction personnel on the site, without 
continuously having to issue коет exchange authorizations. a special 
canteen money was coined. This money can be acquired by the work- 
men in the currency of their own county and enables them to make 
purchases in the canteens within de fenced construction site. lt js not 
permissible to take апу other kind of money into the barred. gone. 
Orders tor construction were placed in each. ob the two States on a 
basis of equality in accordance with the government agreements and to 
the extent permitted by the technical and economic interests of the under- 
taking. The same parity was maintained. in the employment of labor. 
Financing in one ibe wis elfecied. in such a wiy that each. group 
of shareholders granted the company loans in their own currency in the 
amount of the expenditures ol the company accrued in the territory ol 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


м 


their own State. Ihe loan claims will later be converted into stock cia- 
pital. Regarding foreign capital, the principle applies that it shall be 
raised by both sides to a fairly similar extent. 

te is important furthermore that the proceedings required by the 
water and trade laws of the two countries be executed simultaneously 
and in mutual agreement. , 

Аз regards operation, it has been stipulated. that both of the two 
groups of shareholders are entitled in general to take delivery of hall 
of the power generated at any time. In ‚ however, one group does 
not raise the full half. of the financing capital it is obliged to, it has a 
claim to power supply only in proportion to its actual share in the financ- 
ing. For power delivered, the company is to be paid at cost plus an 
adequate interest on own capital. To assure that unequal taxation in 
the two States also affects power rates, and that higher taxes in the one 
Stute do not encumber the rates for the partner of the other State, the 
company First of all receives [rom each customer a compensation for the 
taxes and duties levied on the company in the territory of his State. 
ach customer pays his compensation to the branch office ol the company 
in his own State in local currency. The company on its part is obliged 
to adjust its production costs insolar possible in such manner that they 
accrue. half and half in each of the States. Finally it is provided that 
the shareholders can pass, with three-quarters majority, binding direct 
ives concerning the determination of production costs, and also exclude 


interest on own capital. 


AM disputes arising from che agreement regarding foundation, cons- 
truction and operation of the company shall be submitted to a court of 
arbitration. Jn consideration of the fact that the board of directors, the 
board of supervisors and the general meeting have been constituted on 
а basis of strict parity, so that a decision cannot be rendered in cases ot 
dispute with a majority vote, it has been stipulated in regard to such 
cases in which these bodies cannot reach a decision, that an internationally 
recognized expert be called upon, provided the two government do not 
themselves come to an agreement in che matter. 


The provisions governing a posible liquidation ol the company like- 
wise were drawn up on а basis of parity, but provide at the same time 
that the constructed. installations be maintained as an operational unit, 
if in any way possible. 

In part, the development of the Upper Rhine followed i different 
pattern. OF the exploitable total of H1 sites on the international section 
of the Rhine trom the Lake of Constance to Basle, seven power stations 
are already in operation and two are under construction at. present. 
Details about this international group el power stations are included in 
a report submitted by Switzerland. 
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Worth mentioning, finally, is the harnessing of the river Doubs 
which, in! part of its course, forms the frontier between France and Swit- 
serland. In 1930, these two States concluded i Convention concerning 
the utilization of the water power of the Doubs, the Convention contain- 
ing stipulations regarding the division by equal parts of the electric 
power generated on the frontier section, as well as | provisions rclatiug 
to inlet and outlet operations upstream and downstream. On the basis 
of the Convention, concession for the harnessing of | this section of the 
Doubs was granted to a Swiss syndicate and the Electricité de France in 
1947, and the year of 1950 saw the beginning of construction work on 
the Chátelot power station. ‘This concession once more stipulated the 
equal division of the electric power between France and Switerlund. 
Also the stock capital was divided equally between Switzerland and Fran- 
ce; likewise, the principle of. equality was maintained in placing orders 
in-the two countries. Each of the two countries is entitled, during the 
period ol construction and also later during the period of operation, to 
appoint a commnisioner to supervise the activities of the management. 


Regarding the development of successive waterways through inter- 
national cooperation, no extensive experiences of recent date are on 
record. Worth mentioning is the agreement reached а short time ago 
between Austria as upstream riparian and Yugoslaviz ias downstream ri- 
parian concerning the operation of the power stations on the Drave. On 
this river, power stations were erected. both on the upstream Austrian 
section and on the downstream Yugoslavian section. As a result of mo- 
dern water regulation at these runcofstieam stations, the upstream plants 
ише! the water stored in the headwater at peak load periods, the re- 
leased water then arriving at the downstream riparian at such a time as 
did not permit him to effectively utilize this water. This example shows 
that the water schedule of the upstream riparian canin such cases lead 
to inconveniences to the downstream riparian, “Uherefore it has been 
the aim in recent times to place such a chain of power stations into the 
hands of one undertaking, in ordei thereby to assure do uniform manage- 
ment as well is the best possible utilization of the water. This is also 
the reson why the power sites on various contiguous rivers are not 
distributed between the riparians lor exclusive development, but rather 
developed and operated. jointly fn the cine ol Yugoslavia and Austr 
4n ageeenient wis arrived at, which will esine an economic operation 
of all power stations om the Drave. 


Still in the маде of preliminias negotiations иге the plans for the 
harnesing of the Upper Inn, with inclusion of the Spgtbach in the Italo 
Swiss frontier. area, “Pwo Swiss groups, the Конхои fiir Engadines 
Kratiwerksprojekte CRER) (Syndicate tor Engadine Power Projects) and 
the Konsortium Innkraftweke A. G. (RIR) (Syndicate Innkiralrwerke A 
Go, have presented international projects, i.e. projects. which can only 
be solved bs inchlisioti of Swiss and Italian territory. in the construction 
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scheme. Italian companies are either participating or interested in both 
syndicates. A special feature is the fact that a third State, namely Austria, 
is also directly interested in thee projects as downstream riparian on 
the Inn, as the, planned diversions of water to Italian territory alfect 
Austrian development schemes оп Тип River. Therefore, agreements will 
have to be concluded between the three above mentioned States in order 
to realize the harnessing of the Inn, il it is to be carried out on an in- 
ternational level. 


FRANCE 
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Neither in international water law nor in practica? international 
cooperation in the construction of power stations was the question taken 
up hitherto, whether the downstream riparian may be called upon to 
render compensation if he is benefited by construction measures of the 


upstream riparian. In view of the characteristics of European Alpine 
rivers, with their summer floods and the decrease of flow in winter, the 
construction of a storage reservoir by the upstream riparian is to the ad- 
vantage of the downstream riparian insomuch. as the reservoir stores dan- 
gerous summer Good water and, at the same time, improves valuable 
winter flow. i 
The harnessing of international. waterways has certain points in 
common with the development of national water powers on an inter 
national basis. This conception was brought to life again in Europe in 
recent times by the United Nations Economic Commission, tor Europe 
(ECE) in connection with the development of Yugoslavian water; power 
resources, and by the Studiengesellschaft für Alpenwasserkrafte in Oster- 
reich (interalpen) (Society for ihe Study of Alpine Water Powers in 
Austria). Both cases involve the problem of developing water powers 
for export which far exceed the own requirements of a given country, 
and ol carrying out this development on an international basis, because 
investment capital cannot be raised in the exporting country proper. This 
task gives rise to a variety ol technical, economic, legal and financial 
questions which, for a beginning, are to be studied in international co 
operation. E 
The “Interalpen” was established by French, Austrian, Italian, and 
German power supply undertakings in Innsbruck on | December 1952. 
Their goal is to study and prepare а future international harnessing of 
Alpine water powers in Austria, To start with, four committees: were 
set up, namely a committee each for hyvdro-technical, hydro-economic, 
legal, and financial problems. Final results by these committees are not 
vet available and it is not possible therefore to give details about this 
work already today. Similarly, studies are. being carried out at present 
within the scope of the work of the ECE concerning the possibilities 
of constructing power stations in Yugoslavia for the export of electric 
energy. The studies are being undertaken by four committees foi techni- 
cal; economic, legal, and financial problems, respectively, the chairmen 
oi Which in turn constitute a coordinating committee. In these commit- 
tees are represented, by equal numbers, the countries ol Yugoslavia, Aus 
tia, Italy and the Federal Republic of Germany. The work also of 
these committees is still in tull swing, and no details are as yet available 
on practical experiences. | 
As individual study ol a similar nature, the ECE in recent years took 
up the examination also of the Our project which had been the subject 
ol seve studies already belore the last war. The basic conception. of 
the project is to create a centrally located. pumping sation within: the 
Belgian, Luxembourg, German, French, and Dutch industiial districts 
гі 
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hy making we of the River Our, Ihe Our would be backed up in the 
valley between Vianden and Stolzenburg and the water pumped up 300 m 
into a basin on the Nikolausberg. Electric power for pumping is to be 
supplied by brown coal power stations, the storage basin to be utilized 
for the generation of peak energy. Apart from the State of Luxembourg 
and the Town of Vianden, French, German, Luxembourg, Dutch and 
Belgian undertakings are participating in the Société de Our founded 
in Luxembourg in 1951. This demonstrates the intensive interest the 
Our project has aroused in international circles, At the present. time, 
the draft of a treaty is being prepared jointly by representatives of Lui 
xembourg and Germany. The treaty will contain provisions regarding 
the question of granting concessions tor the project and will embrace 
stipulations relating to other questions connected with construction and 
operation: to be solved by the authorities ol each country. Practica! ex: 
periences are not yet available, however, as it has not been posible so 
far to start carrying out this project. 


| 
| 
! 
SUMMARY | 
i 

The harnessing of international waterways is steadily gaining in 
importance, as rivers are frequently involved which promise a highly 
economic exploitation. "he problems raised in this connection are pri 
marily those of private law, public hav, and international Law. 


OF special significance regarding the development of international 
"aterways are the rules of international law, in this dield termed inter- 
national water law, Here we lind two principles opposing: each other: 
the principle of territoriality grants each Stute an unrestricted right to 
dispose of its water powers without consideration lo- neighboring States. 
and the principle of integrity declares that no State may, without consent 
of the neighboring State, take any steps, or allow such мер» to be taken, 
which might lead to an appreciable inconvenience or impairment. of 
that State. Auempts hitherto of arriving at multilateral conventions in 
the field of international water law have not matured into practical sig- 
nificance. Actual practice has shawn although that bilateral agreements) 
on certain projects were posible in all causes involving given paralleli 
interests. This is the rule in regard to waterways forming the boundary 
between two States. (contiguous. waterways) as in opposition to water. 
ways bisected by the frontier (successive. waterways). i 


„ he report deals mainly with the construction of individual power 
stations on the Inn and on the Danube as contiguous waterways and 
shows up the solutions arrived at in recent times. [n addition, construct: | 
ions on succesive waterways are outlined. Finally, mention is made ot | 
the studies in course at present concerning the international develope i 
ment of national waterways. 
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RÉSUMÉ 


L'exploitation des cours d'eau internationaux gagne d'importe 
progressivement comme il s'y agit souvent des forces hydrauliques qui: 
méritent particulitrement d'être exploitées. H s'y présentent spécialement ; 
des problèmes juridiques, tel que le droit privé, le droit public et le droit: 
international. 5 

Le droit international — appelé dans ce cas “législation internatio- 
nale sur les cours d'eau" — est d'une importance particulière pour l'ex-' 
ploitation des eaux internationales. Voici d'abord le principe territorial : 
qui donne à tout état un droit de disposition: illimité sur ses forces hy- 
drauliques sans égard aux états voisins et voilà le principe d'intégrité. 
d'après lequel un état n'a pas le droit de prendre ou d'admettre des me-, 
sures quant à ses eaux, qui causeraient une importunité considérable ou 
un passedroit d'un autre état en tant que celui-ci n'a pas donné son | 
consentement. jusqu'à ce jour l'essai de parvenir à des conventions m il- ; 
tilatérules dans le cas de la législation internationale sur les cours d'eau: 
n'obtint pas d'importance pratique. Cependant la pratique a prouvé que: 
des conventions bilatérales sur de certains projets étaient possibles par- 
tout où des intérèts naturels et. parallèles existent; c'est ordinairement] le 
cas concernant les eaux qui forment la frontière entre deux états (des: 
eaux partagées par la frontière en longueur) au contraire des eaux qui 
sont traversées par la frontière (des eaux partagées transversalement). | 

Le rapport traite surtout l'aménagement de quelques centrales élec-: 
riques situées sur l'Inn. et sur Je Danube étant des eaux partagées en 
longueur et montre les solutions qu'on a trouvées dans les derniers temps. 
En outre on fait allusion à des constructions concernant des eaux рала» 
gées transversalement. Finalement les études sont mentionnées dont ou: 
s'occupe à présent à cause de l'aménagement international des eaux 
nationales. | 


Resmo i 


O aproveitamento dos cursos d'água internacionais se torna tanto 
mais importante quando se wate, freqüentemente, Че [órgas hidráulicas 
que apresentam particular interesse em sua exploração. Ai se apresentam,: 
especialmente, problemas jurídicos, tais como o direito privado, o direito 
público e o direito internacional. | 

O düeito internacional = nesse caso chamado “legislação interna! 
cional sobre os cursos dágua” — apresenta importância ‘especial no apro- 
veitamento das águas internacionais. Veja-se logo, a propósito, o princi-; 
pio territorial que dá a todo E: i 


ado um direito de disposição ilimiteda : 
sobre suas fòrças hidráulicas sem atenção dos Estados vizinhos, a par ido 
principio de integridade, segundo o qual um Estado não tem direito de 
tomar ou de admitr medidas relativamente às suas águias, que seriam 
consideravelmente importuns ou injustiça de um outro Estado, sem lo 
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consentimento do vizinho, Até hoje a tentativa de chega-se zi comen- 
ções multilaterais para o caso da legislação internacional sóbre os cursos 
d'água, ainda não resultou em importáncia prática. Entretanto, а prá- 
tica provou que convencóes bilaterais em certos projetos eram possiveis 
nos casos em que. interèsses naturais c paralelos existiam; sendo, ordini- 
riamente, o caso em relação às aguas que delimitam a fronteira entre 
dois Estudos (águas divididas pela fronteira em comprimento), contrària- i 
mente ao das águas que são atravessadas pela fronteira Giguas divididas 
transversalmente), 

A monografia trata, sobretudo, de usinas geradoras individuais situn- 
das sobre os rios Inn e Danúbio com águas divididas em compriniento 
e mostra as soluções que se encontraram nos últimos tempos. Alem disso, 
faz-se alusão à construções que interessam às águas divididas transversal- 
mente, Finalmente mencionam-se os estudos que se ocupam, no presente, 
do aproveitamento internacional das арий nacionais. 


Ed 
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The discussions concerning the legal and economic problems aris- 
ing from the utilisation of the water power of rivers running through or 
bordering two or several states have increasingly been intensified with 
the progressing exploitation of hydro power. 

The discussions between neighbour states concerning the utilisa- 
tion of watercourses of common interest have centered around two 
opposite principles. viz.. The territorial principle according to which 
any country. by virtue of its unlimited sovereign rights, was entitled to 
exploit the section of a watercourse within its territory without regard 
to any detriment inflicted thereby on other countries and the principle 
of integrity according to which any country must, even on its sovereign 
territory, abstain irom any interference in the natural waterflow of 
watercourses Which is bound to result in prejudicing the interests of 
another state. Austria and her neighbour states have to an ever increas- 
ing degree realized that rigid adherence to either of these principles 
would not promete their relations in the field of water economy. 


Similar to Switzerland the territory of the Austrian Federal Repu- 
blic lies in the central part of the main European mountain range, viz. 
the Alps. of which it comprises the eastern part. It extends over 500 
kilometers in a west-east direction, its larger part lying north and the 
smaller part south of the main chain. Whereas in the case of Switzer- 
land the watercourses flow frem the highest elevations within the state 
territory in all directions beyond the borders and thus make Switzerland 
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the model of an "uppez" state in respect of water economy. in the case 
of Austria several important watercourses coming from higher areas 
in the west and south are entering her territory. Since the southern 
borders of Austria are formed by mountain ranges there are no rivers 
flowing off southward, but several flowing off northward where the 
respective watersheds lie south of Austria's northern borders. 


Among the watercourses which are shared by Austria with other 
countries there are both successive and contiguous waters, the term 
"successive" being used in relevant literature for waters which, coming 
from one state territory, enter another state territory. flow through the 
respective countries successively and. cross their borders while by 
"contiguous" or border rivers such are understood whose watercourses 
from the boundary between two states. 


In view of the existing geographical conditions which have resulted 
in making Austria in one case an “upper” state (ie. a state which holds 
the upper courses of rivers) and in another a “lower” state (ie. a state 
holding the lower courses of rivers) with the concomitant probiems 
arising therefrom it is understandable that already early this country 
has felt prompted to seek new ways and means for settling its relations 
with other countries in the field of water economy. These attempts have 
had the effect that more emphasis has been placed on economic and tech- 
nical considerations and that rigid adherence to purely legal principles 
has been more and more abandoned. Increasing importance has been 
attributed to the idea of optimum utilisation, ie. the viewpoint has been 
largely adopted that without regard to the division of watercourses hy 
political boundaries the optimum technical and economic solution is to 
he attempted and jointly to be utilised. 

The principle of joint optimum water power utilisation, so to sav, 
forces itself upon one's mind in the case of contiguous waters and thus 
has received more attention than in the case of successive waters. But 
even in respect of successive waters arrangements have been made 
between Austria and her neighbour states which go far beyond the prin- 
ciples of notification and consultation as recommended by the Blectri- 
city Committee of the LIN Economie Commission for Europe (cf. Re- 
commendation No. 3). 


Optimum utilisation. is meeting with considerable difficulties even 
where no political boundary hnes are involved, which difficulties quite 
naturally are increasing greatly in respect of waters where there is a 
joint interest. Furthermore. cooperation in the field of water economy 
between the countries concerned requires for the practical development 
of projects special solutions particularly in the field of finance aud 
customs legislation as well as in the field of labor legislation and other 
fields of puhlic administration. 
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The first hydro power project which prompted Austria to enter 
into intergovernmental negotiations was the development of the Achen- 
see (Achen lake) in the Tyrol carried out during 1924 and 1927. The 
Achensee though wholly located on Austrian territory discharges its 
water by way of the Walchenbach ‘into the Isar on Bavarian territory. 
It lies 400 meters above the Inn-river valley little less than + kilometers 
| distant and its development by Austria into a storage reservoir with 

A concomitant utilisation of the existing.gross head suggested itself. The 

net storage. capacity of the lake (87 million cu.m.) is not utilised by 
raising but by lowering its surface level.by 12.5 meters at the utmost; 
the natural efflux was interrupted and the catchment area enlarged by 
various river diversions. 188 million cu.m. water from a catchment area 
of 155 squ.kilometers. the natural run-offs of which would join the Isar- 
river are diverted to the Inn-river by way of the power plant (capacity : 
83,000 KW, production: 145 million kWh, net head: 360 meters). 
Thus the Isar lost at the confluence point of the Walserbach about onc 
sixth of its catchment area. Although the waterflow of the Isar is in 
Bavaria thereby strongly reduced. Bavaria has not stuck rigidly to the 
principle of integrity and given up resistance against the blocking of the 
Walchen area as the natural run-off area, while on the other hand 
Austria has not adhered unyeldingly to the territorial principle. А so- 
lution was found in connection with a long-term supplv contract. whe- 
reby a large part of the electric energy produced һу the Achensee plant 
has been ensured to the Bavarian company for public supply at a favo- 
rable price and which. with various subsequent additions. is still in forcc. 
In this manner the Achensee Power Plant has been recognized as the 
optimum means of utilisation of the respective waters and the advan- 
tages of this utilisation have been shared with the "lower" state, in this 
instance the idea of joint optimum utilisation of a successive water- 
course appears thus realized. 


Since the catchment ali of the Achensee Power Plant does not 
suffice in years with an finfavorable water supply for filling the net 
storage volume of the Achensee Austria has after the second World 
War envisaged an extension of the existing plant by diverting other 
Isar tributaries originating on Austrian territory, viz. the Rissbach and 
the Dürrach whose catchment area lies higher than the maximum water 
level of the Achensee. At the same time Bavaria was planning to di- 
vert the Rissbach into the Walchensee for improving the Walchensee 
Power Plant. These two hydro power projects excluded each other. If 
Austria had diverted the run-offs of 50 squ.kilometers of the Rissbach 
catchment area to the Achensee the Rissbach diversion would have been 
reduced to one half of its water afflux and thus lost its profitability. 

In recognition of the importance of the Rissbach diversion for the 
Walchensee Plant Austria has abandoned the planned diversion of the 
Rissbach to the Achensee Plant. Bavaria. on the other hand, agreed to 
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the diversion of the Dürrach having a catchment area of 63 squ.kilo- 
meters and an average waterflow of 70 million cu.m. (yielding an addi- 
tional power production of 55 million kWh per year). both parties re- 
signing any claim for indemnification. 


Viewed purely from the aspect of electrical and hydro power eco- 
nomy, the diversion of the Rissbach to the Achensee would have had 
the same effect because the net head of the Walchensee Plant amounts 
to only one half of that of the Achensee Plant and the annual water- 
flow of the Rissbach at its confluence point is twice as large as at the 
point where it could have been diverted to the Achensee. In conse- 
quence of the diversion of the Rissbach to the Walchensee, however. 
about the double amount of water is being utilised over a head of 200 
meters only instead of over a head of 400 meters. Yet. when considering 
the special economic requirements of the two countries concerned. also 
this solution may be termed to comply with the principle of optimum 
utilisation, 

Whereas in the case of the power plants discussed thus far we 
have been dealing with the utilisation of whole catchment areas in moun- 
tainous regions, the stagger scheme on the Drau-river concerns a certain 
section of that river where it forces its way from the Völkermarkt basin 
in the west to the Maribor basin in the east. This section is about 100 
kilometers long and provides a head of about 120 meters. On this section 
the first Drau hydro plant was erected as à run-of-river storage plant 
during the first World War near Fala. As a result of the new border 
lines drawn in 1918 this power plant came to Yugoslavia and this sec- 
tion was cut into an Austrian and a Yugoslavian part at a point about 
45 kilometers above the Fala Power Plant and about 4 kilometers cast 
of the town of Dravograd. the Drau-river forming the border between 
the two states in à length of about four kilometers. At the upper end of 
this river section on genuinely Austrian territory the Drau-river Power 
Plant Schwabeck (capacity: 60,000. kW. production: 350 million 
k Wh per annum. gross head: 22 meters) was erected in the years 
1938-1942. [n 1941 when Yugoslavia was occupied. by Germany and 
the boundaries had temporarily disappeared an overall power scheme was 
elaborated for the whole above-mentioned section of the Drau-river in- 
chiding the Fala Plant and the construction of the Power Plants Lava- 
miind, Dravograd and Maribor initiated. [n this connection the Power 
Plant Maribor (with a head of 16 meters) was to provide the comple- 
mentary reservoir for the intermediate reservoir of the Schwabeck Plant. 
It was intended to regulate operations in the whole power plant group 
from this intermediate reservoir. After the old boundaries of 1938 had 
been re-established in 1945 the Power Plants Schwabeck and Lavamünd 
remained with Austria while the Power Plants Dravograd and Maribor 
came to Yugoslavia to which also the Power Plant Pala was returned. 
Within this power piant group construction of the Power Plant Vuze- 


LONE A 
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nica was begua in 1951 and more recently of the Power Plant Vuhred; 
it is intended to utilise the remaining head up to the back water of Fala 
by another power generating station. 


At the time being certain links in the whole chain of power plants ; 
are still missing, but even for this incomplete chain optimum hydro power : 
utilisation can be achieved only by way of regulated intermediate storage 
operations which, however. are rendered ditficult due to the existing 
conditions on the border. Negotiations conducted between Austria and ; 
Yugoslavia in 1952 and 1953 have led to the establishment of a joint ope- | 
rational scheme for the two adjacent Power Plants Schwabeck (оп 
Austrian territory) and Dravograd (on Yugoslavian territory) whe- : 
reby intermediate storage at Schwabeck has been regulated. In that both | 
Austria has taken account of the Yugoslavian interests in respect of the 
subsequent power plants and Yugoslavia of the Austrian requirements ` 
in respect of the Power Plants Schwabeck and Lavamünd the two 
countries have atteinpted to approach an optimum with regard to jan 
economical utilisation of this watercourse by considering the entire range 


of power plants involved. 


Genuinely contiguous waters are concerned by the agreements cn 
cluded between Austria апа Germany on the utilisation of the rivers 
Saalach, Salzach, Inn and Danube which for 155 kilometers form jan 
uninterrupted wet border between the two states. The Saalach joins the 
Salzach below the city of Salzburg and the latter river the Inn above ; 
Braunau which has its confluence point with the Danube at Passau. At 
this border stretch where during Austria's occupation by Germany the 
boundaries had been eliminated the Inn-river Power Plant Ehring- 
Fraucnstein as well as the Power Plant Egglfing-Obernberg were erected 
by the Innwerk A. G. while on the Saalach-river the Power Plant Frei- : 
lassing was commenced by the Municipal Power Company of the City 
of Salzburg. Whereas after the re-establishment of the German-Aus- ; 
trian border the Power Plant Rott-Freilassing remained as a whole! in 
the possession of the City of Salzburg by which it was completed the 
installations of the Inn-river Plant Ering and Obernberg have, as far 
as they are located on Austrian territory, come under the so-called 
German property in Austria and thus their status has remained unclari- 
fied. The installations of the two Inn-river power plants are at present 
under public Austrian administration. 


Their unclarified status. however, proved no obstacle for the con- : 
clusion of an agreement between the two Governments concerned on the 
joint development and the joint utilisation of hydro power resources of | 
the Austro-Bavarian border rivers such as the Inn and Salzach in par- 
ticular. On the basis of the intergovernmental agreement concluded jon 
October 16, 1950. a special company, the “Osterreichisch-Bayrische : 
Kraftwerke A. G.” has been formed to that effect of which one half of 
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the shares is in the hands of an Austrian and the second half in the hands 
of a Bavarian group. Likewise half of the members of the board of di- 
rectors and of the managing board of this joint stock company are de- 
legated by each group, The accounting operations are subject to super- 
vision by the public auditing agencies of the two Governments concerned. 


Each group of shareholders is responsible for the financing of one 
half of the building requirements: consequently each is entitled to one 
half of the electric power produced by the joint company and obliged 
to refund one half of the primary costs accruing. After a decision has 
been reached on the so-called German property in Austria the existing 
two Inn-river Plants Ering and Obernberg will be included among the 
assets of the company. 

The required licences and other official authorisations in respect 
of the plants are granted independently by each of the two countries 
on the basis of existing legislation after consultation with the other; thev 
should be issued simulianeously, contain similar provisions and condi- 
tions and not be in contradiction to each other. 

All legally permissible taxation privileges are extended by both 
countries to the company for which equal treatment in respect of taxa- 
tion is attempted; for setting unavoidable additional taxation charges 
occurring on one side special provisions have been set up. 

In respect of transports between the two countries the. goods im- 
ported or exported which are to be used or consumed by the company 
are exempt from the payment of customs and duties; to that effect a free 
zone has been created around the power site in cooperation between the 
fiscal agencies of the two Governments. Also the granting of foreign 
exchange permissions has been provided for in the respective inter- 
governmental agreements. 

In regard to the employment of labor, the placing of orders and 
similar matters the interests of both countries are to be considered 
equally. As far as feasible labor is to be granted the required permits 
for residence, employment, entrance into and departure from the other 
state territory as weil as for a free transfer of wages. 

The frontier between the two states has not been affected by the 
intergovernmental agreement so that the existing border line will remain 
unchanged even if the existing valley route should be modified. 

The first result of this intergovernmental cooperation where the 
principle of optimum utilisation has been applied most effectively and 
where all related problems in the field of finance. customs duties. labor 
and all other administrative questions have been solved in an exemplary 
manner has been the initiation of the Power Plant Braunau (capacity : 
96,000 kW, production : 513 million kWh per year. gross head : 11.5 
meters) above the Inn-river Plant Ering which will be put to operation 
in October 1953. 
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While the Power Plant Braunau was still in the project stage a 
joint projecting committee has been set up by the German "Rhein-Main- 
Donau A. С.” and the Austrian "Elektrizitátswirtschafts А. G.“ which 
elaborated the plans for the projected Power Plant Jochenstein to be 


erected on the Austro-German border section of the Danube. 


The first plans for the Jóchenstein Power Plant date from the year 
1918 when the Bavarian Canal Construction Office drafted its first 
schemes for the large waterway Rhine-Main-Danube: these plans were 
later set aside because development of the Kachlet Plant above Passau 
which for navigation is by far more important was decided upon in Ba- 
varia and carried out in the years 1922-1927 by the “Rhein-Main-Donau 
А. G. The erection of a power plant at Jochenstein has repeatedly 
been envisaged under the various overall development schemes for the 


Danube. 


On the basis of the agreement concluded on February 13, 1952, 
between the Governments concerned the joint "Donaukraftwerk Jochens- 
tein А. G.” has recently been founded whereby the joint erection and 
usc of that power plant (capacity: 140,000 kW. production: 940 
million KWh/per annum, gross head: 10.15 meters) appears assured 
in a similar manner as has been done in the case of the above-described 
development of the Inn-river. Also in this instance production and fi- 
nancial outlay will be jointly shared by both riparian states although the 
embankment area made use of is for its larger part situated on German 
territory. The equal distribution ratio was ensured in that Austria has 
made available part of the gross head below Jocheastein for the power 
plant and the corresponding head was obtained by deepening the bed 
of the river. As the Danube is a navigable river and is. moreover, in 
respect of navigation subject to international agreements the interests of 
navigation had to be considered which formed one of the most difficult 
problems to be solved. In spite of the fact that a twin lock with à usable 
length of 230 meters and a free width of 24 meters each must be erected 
the entire building costs which are borne bv the company are in the case 
of the Jochenstein Power Plant but little higher than those for the Brau- 
nau Plant. At the beginning of [955 the first generating unit of the 
Jochenstein Power Plane will be put to operation. 

The countries participating in this joint development of the Inn and 
Danube may note with satisfaction that in no other case an agreement 
has been reached within such a short time on the development and the 
execution of a hydro power project on à contiguous water. The arrange- 
ments made have set à model for the joint development of border rivers 
and thus have been used as a basis for the respective Recommendation 
No. 2 by the Electricity Committee of the UN Economic Commission 
for Europe. 
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In the immediate future some other joint hydro power projects are 
awaiting solution. In this connection the development plans for the 
Bregenzer Ache on the border between Vorarlberg and Bavaria and the 
exploitation of the Inn-river on Swiss territory may be mentioned. 


The general development scheme for the Bregenzer Ache provides 
for diversions from the catchment areas of the Iller and Lech whereby 
these two rivers which in Bavaria are largely utilised for hvdro power 
production are affected though only to a limited extent. In this instance 
Austria is the "upper" state. 

In the second instance, viz. the utilisation of the Inn-river by Swit- 
zerland, Austria is the "lower" state. The Projects for the area of the 
Upper-Inn-river which have been under consideration for some decades 
and are promoted by two competing groups provide for the diversion of 
à considerable portion of the waterflow of the Inn-river to Italy. The- 
reby the hydro economy of the Inn-river in Austria is considerably af- 
fected. Its catchment area mounts to 1945 squ.kilometers at Martina on 
the Swiss-Austrian border. The annual waterflow varies at this point 
between 20 and 40 l/s.squ.kilometers and to 30.0 on the average, the 
average waterflew for the last years being 58.3 cu.meters,’sec. During the 
same period the average annual waterflow varied between 1240 million 
cumeters (minimum) and. 2,460 million cu.meters (maximum). The 
Swiss-Italian plannings envisage the creation of Storage reservoirs with 
an overall water content of 330 to 360 million c.meters of which 260 
million cu. meters are to be diverted to Italy while the remaining water- 
flow of the Inn will be utilised on its natural course. As a result the 
water supply of the Inn would be shifted to a great extent from the 
summer to the winter months while the waterflow on Italian territory 
during the winter months would he increased. 

It is to be hoped that also in these cases negotiations between the 
countries concerned will not be frustrated by rigid adherence to juridical 
principles but that technical and economic considerations will prevail 
and lead to solutions which take account of the requirements of the 
countries concerned within the frame of an equitable program of hydro 
power utilisation. 


SUMMARY 


In the report of the Austrian National Committee the results are 
indicated which Austria in cooperation with her neighbour states has 
achieved in the solution of problems arising in connection with the esta- 
blishment of joint power plants. These positive results are primarily to 
be attributed to the fact that in their relations in the field of hydro eco- 
пошу Austria and her neghbour countries have more and more discarded 
the principles rigidly applied before (the territorial principle and the 
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principle of integrity) in respect of successive and contiguous waters. 
These principles have increasingly been replaced by technical and eco- 
nomic considerations and the concept of joint optimum utilisation has 
been accepted to an ever higher degree. 


RésuMÉ 


Le rapport fait ressortir les résultats que l'Autriche a pu atteindre 
en coopération avec ses pays voisins on ce qui concerne la solution des 
problémes soulevés par la construction de centrales hvdco-électriques 
communes. Ces résultats positifs sont principalement dus au fait que. 
dans leurs relations sur le plan de l'économie hydraulique, l'Autriche ct 
ses pays voisins ont commencé à abandonner les attitudes rigides qui. 
dans le passé, ont servi de régle dans le cas des eaux successives et con- 
tigués (principes de territorialité et d'intégrité). Au contraire. des con- 
sidération techniques et économiques ont été substituées dans ипе mesure 
de plus en plus grande à ces principes inflexibles, et les pays intéressés 
ont adopté l'idée de l'exploitation commune assurant un effet optimum. 


Resumo 


A monografia evidencia os resultados a que a Áustria póde chegar 
em cooperação com os paises seus vizinhos no que diz respeito à solução 
dos problemas surgidos com a construção das centrais hidro-elétricas 
comuns. Os resultados positivos se devem. principalmente, ao fato de 
que no dominio da economia hidráulica, as relações da Austria com os 
paises vizinhos já começaram a abandonar as atitudes rigidas que, no 
passado, serviram de regra nos casos das águas sucessivas e contiguas 
(principios de territorialidade e de integridade territorial). E muito ao 
contrário, considerações técnicas e econômicas vão substituindo, cada vez 
mais, aquéles principios inflexiveis. e os paises interessados adotaram a 
idéia da exploração conjunta da qual resultaram os melhores efeitos. 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 
25X1 


PROF. DR. TECHN. EMIL MOSONYI: 


HYDRO-ELECTRIC DEVELOPMENT 
IN HUNGARY 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


PROF. DR. TECHN. EMIL MOSONYI: 


HYDRO-ELECTRIC DEVELOPMENT 
IN HUNGARY 


1954 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


HYDRO-ELECTRIC DEVELOPMENT IN HUNGARY 


By 
Prof. Dr, Techn. EMIL MOSONYI 


1. Potential Water Power 


According to former detailed. investigations by the author, potential 
water power in Hungary may be estimated at a capacity of 960000 kW and 
at an output of 7500 million kWh per annum when taking into consideration 
the discharges of 50%, duration оп an average. It is characteristic for the 
hydrological condition of Hungary's river system that. the values belonging to 
95% duration discharge amount to 462 000 kW and 4050 million kWh respectively. 
The flows in this country are feeding two major rivers, the Danube and the 
Tisza, thus constituting the two water systems of Hungary (Figure 1.). Only 
16%, of the above mentioned water power is being carried by the Tisza system, 
the remaining 84% belongs to the Danube and its tributaries. It is charac- 
teristic that the Danube — Europe's second largest river — by crossing Hungary 
carries all alone 67%, of the country's total potential water power, while the 
Danube tributaries and the Tiszasystem together represent merely the remain- 
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ing 33 per cent. The Danube carrying the bulk of potential water power 
flows across a lowland of small slopes and the same must be said about the Hunga- 
rian stretch of the Tisza and its tributaries as well. Only quite a few of the 
minor tributaries of both the Danube and Tisza spring from the hilly regions 
of the country where more significant downstream slopes can be found. Estab- 
lishing high heads and setting up reservoirs are completely excluded by topo- 
graphical and settlement conditions. lt is rendered evident by these circumstan- 
ces that mainly low-head run-of-river plants can be designed in this area. 

The hydro plants are to be constructed either in the river bed itself or in 
the short cuts improving the river bends. А system with longer deviation canals 
is advisable merely on the upper reaches of the Danube and on some minor 
flows where slope conditions are more favourable. | " 

However, only a considerably reduced portion of the water power in 
question can be developed as regards energy generation. This fact is due to 
three reasons : | 

a) Losses in energy conversion: : 

b) At the time of great floods the low-head hydro plants are either 
completely out of action or their operation is considerably reduced. 

c) Topographical and settlement conditions on the Hungarian plains do 
not permit everywhere the best utilization of potential water power and, what 
is more, certain shorter river stretches have to be left inutilized. : 

According to recent examinations the capacity utilizable in view of energy 
generation amounts to some 500 000 KW. With this installed capacity an average 
annual output of 3300 million. kWh can be estimated, The capacity of plants 
which would be most economic and are therefore primarily ndvisable for con- 
struction totals 250 000 kW with an annual output of 1700 million kWh. 

Unfortunately the development of hydro-electric plants in. Hungary was 
greatly neglected in the past and so the projects constructed so far represent 
a total capacity of only 16 000 KW. This slight figure, however, as we have seen 
does not give the right idea of what energy lays unexploited in the river syn- 
tems of the country. Considering that Hungary’s territory consists mainly of 
plains and only in a small portion of hills or mountains, it is obvious that here 
the possibilities for hydroelectric development are less favourab! and less valu- 


able than in the neighbouring mountainous countries, Yet the situation is far 
better than if judged from the insignificant output of hydro plants constructed 
so far. 


П. Hydro Electric Planta As Parts of Multi-purpose Utilization 


Utilization of water power in Hungary is closely to be connected with 
fluod control, drainage and irrigation. The headwater elevation of hydro plants 
is to be fixed at a height not imperiling the safety of flood control and not 
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requiring excessive costs for drainage. or ebe the accessory expenses will render 
water power development irrentable. The importance of this point becomes 
plausible when bearing in mind chat 46 500 kin? i; e roughly 30%, of Hungary > 


territory is drainage area out of whieh 23 000 kin? (some a Of The country) 
has such a iow elevation that this area has often been flooded prior to the 
construction of dikes, 

These flood controlled plain-land. regions are highly suitable for irrigation. 
Investigations have proved that in Hungary it is rentable te envisage the irri- 
gation of an area totalling some 800.000 hectares out of which over 100000 
hectares will be prepared for irrigation by the end of 1954. 

Considering that the majority of areas to be irrigated are situated along 
the Tisza. the construction of dames has been launched on this river. although 
it is much poorer in hyvdroenergy than the Danube, In the meantime careful 
surveys, planning and seak model tests concerning water power development 
of the Danube are in progres. With the hydro plants on the Danube power 
generation is the point but here, teo, the requirements of irrigation must not be 
disregarded. Photo lo was taken at night of an experimental measurement of 


flow on the Danube, The course of lighted Chaat. was photographed to observe 


surface Claw, This test ic of great importance as in this sharp curve specific condi- 


Phote Lo Doar test te determine езгеге direction gan River Danube 
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tions of flow prevail. In 
made. Comparison of discharge measurement to photogrammetrical evaluation 
of float tests gives a right picture of the so called secondary flow, swire formation, 
eddies, ete. The results| of these tests have been used in controlling the scale 
model of the Danube stretch in question. 

| The scale model (Photo 2) has been built in the garden of the Budapest 
Technical University : size: 50 m x 5 m. Seale of length and width 1: 500, 


scale of depth 1 :80 giving a torsion of 1 2 0.25. 


several sections discharge measurements have also been 


‘Photo 2, Scale model of a Danube streteh in the garden of the Budapest Technical University 
i 

| | 
! : | 


Ш. Description of the Tiszalök Hydro-clectric Plant Under Construction 


Serving the purposes of irrigation, the First dam built on the Tisza River 
Was put into operation in May 1954, The water for irrigation is te flow in a 
100 km long canal crossing the Hungarian Plain. A 63 km streteh of this navigable 
“main canal is now completed. 

; Plaut 1 under construction at Tiszalök, together with the rest of the pro- 
i jects to be constructed in the course of the Tisza vanalization, will serve a four- 


i fold. purpose : | 
ies H P H * . . H 
| a) direet irrigation of the Tisza-valley and its surroundings ; 


x з sid А - 
b) feeding of fish ponds and plain-land reservoirs à 


с) generation of water power; 
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d) improvement of navigation on the Tisza and the river system connect- 
ed with it. | 
Beside the dum, foundation of and machine house for the power station 
on one side are now completed, and the ship lock on the other is under construc- 
tion. Installation of machinery is in progress. | 
The dam has been built in a cut of a river bend. (Fig. 2.) By this solution 
the safety of building process has largely been increased, though building oper- 
ations were carried out inside the flood control dikes but outside the river bed. 


Flood centro! dike 


Figure 2. 


The excavation for foundation could be protected against water overflooding 
the river bed by a circular dike outside the main flow. Proper arrangement 
excluded every possibility of icing and the decrease im vertical section did 
not affect the safety of run-off of floods. 

Building in the natural river bed would have been extremely complicated. 
The foundation blocks and piers should have been erected on caissons and the 
construction work could have been carried out only gradually, in many parts, 
under the protection of sheet piles, All this would bave meant higher costs and 
longer time for construction. 

Locating the dam in the cut inside the river bend has brought with it 
simpler, cheaper and more rapid construction, An additional advantage is that 


1 
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all the works are located in a straight stretch, General arrangement is shown 
in Fig. 3. Foundation is laid on sand soil, 

The Tiszalék project includes three movable gates of vertical-lift type 
with deeply located sills, Each distance bet ween the piers is 37 т, giving a total 
free outlet of 111 m. Each gate is а skin plated steel framework with three 
girders supplied at the upper edge with a separate hinged-leaf plate. (System 
Dortmunder Union A. G.). The gates are 38,5 m long and 6 m high each. When 
raising hinged-leaf plate the total height of steel construction reaches 8 m. 
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Figure 3. 
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farther off stone lining | 

The power statio 
in diumeter with a maxim 
( Fig. 5.) Overall capacit 
12 000 kW. Е 


rotect the bed. (Fig. 4.). 
il! be furnished with three Kuplau turbines of 4,80 m 
um capacity of 100 m?/sec each. Heads vary 0 to 7,5 m. 


— . 


city of the three units in the hydro-electric plant totals 
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Figure 6. 
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i : we viewed from tailwater direction 
| Pinte 3. Tiszalok project under cansteuction as viewed 
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The ship lock will span a 85 m distance between the gates and its inside 
width will be 17 m. Even in case of minimum tailwater elevation a 3 m water 
depth is secured, With these measures the lock will be navigable to 1000- - 1200 
ton barges and the Tisza steamers alike. (Fig. 6.) 


IV. Special Problems of Foundation in Constructing the Tiszalik Project 


Despite many advantages ef the Tiszalök dam site. one difficulty has not 
vet been overcome and that is: de-watering work site. Below anl around the 
work site medium and small size sand strata are embedded in the ground at a 
depth whieh cannot. be reached even by walls of sheet piles. The diameter of 
medium size sand varies 0.05 to 0,3 mm. while the larger grains can be found 
in the lower sub-stratum. Filtration coefficient varies 1.5 10 em see to 
1.5 + IO ? em sec, 

De-watering of the 20 000 m? work site was carried out by way ef lowering 
ground water level. The deepest. point of the basic concrete plate of the power 


station is 13 m below average ground water level. Two methods of lowering 


Photo A. Hydro plant of the Tiszaluk projecto Outlet of reinforced concrete draft tube of one 
ví the Kaplan turbines 


tl 
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groundwater level were taken into consideration a) drilling of few, low-bottom 
wells with a depth of 20--30m each. bj drilling of shallow wells on different 
ground elevations. The scientific evaluation of test pumping carried out at work 
site has proved the disadvantages of method. a), as wells penetrating deep into 
the subsoil of larger grains of sand would have largely increased discharge. 
Lowering ground. water level by wells on different ground. elevations appeared 
to be most suitable and the correctness of this assumption has been actually 
justified by the successful completion of work. 
Lowering of ground water level has been carried out by drilling altogether 
215 wells on three different ground levels gradually. Based on eareful preliminary 
calculations the lowering system was designed for a discharge of 2,5 to 3,0 lit/sec 
with each well. In practice, however, maximum discharge for one well hardly 
exceeded 2 lit/sec, while average discharge was 1,5 lit/sec. In the course of 
foundation work in constructing the Tiszalók' project, maximum lowering effect 
was achieved in August 1951 when the level of lowered ground water was 11,5 m 


below natural ground water level. 
l 


V. Mechanic. Equipment of the Tixzalük Project 


Discharges on the Tisza are highly variable, Values vary 100 m3/sec. to 
1500 m3/sec in general but extreme floods of about 4000 m3/sec have already 
been observed on the one hand, and discharge has more than once fallen to as 
low as 50 m/sec on the other. Head is equally, varying from 0 to 7 m (exception- 
ally 7,5 m). In accordance with these conditions, installation of Kaplan turbines 
has been foreseen which, within wide limits of head, can be operated with the 
highest possible efficiency, Furthermore, considerations of economy and other 
have led to the requirement that, owing to the considerably low degree utiliza- 
tion (200-day duration : 300 та? sec), the units should provide the utilization 
of maximum possible water quantity and operation should cease at the lowest 
head only. With these requirements, so typical of Hungary's plainland rivers, 
the nearly 100-year-old.— Hungarian turbine) manufacturing industry had to 
face an interesting and new task. Investigations and madel tests have led to two 


noteworthy statements : 
]. With rivers of little slope, where һе. ds vary between wide limits, it is 

not expedient to strive at too high specific speed as it is essentially limited by 
operation required also at low heads оп one hand, and by costs on the other, 
which would go up owing to increased foundation depth caused by decreased 
draft head. These costs would have largely exceeded savings arising from the 
installation of high speed units. 
Great discharge required at very low heads calls for not only runners 

of great specific discharge but also for special draft tubes, Draft tubes are to be 
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Photo 5. Hydro plant of Tiszalök as viewed from tail-water direction 


designed within economic limits of size sa, that energy conversion be performed 
with good efficiency even at the highest specific discharge. 

Based on model tests directed mainly to designing draft tube and carried 
out with air in the Hydro-Mechanic Luboratory of the Budapest Technical 
University, the Hungarian industry (Ganz Turbine Works, Budapest) has ini- 
tiated the construction of three Kaplan turbines, The construction of turbines 
is before completion and foundation and speed rings have been installed simul- 
taneously with building power house, 

Fundamental data of the turbines ure as follows : 

Nominal output at a 4,8 m head... 4650 hp 


Maximum outßuu 6000 hp 
Maximum discharge ........... .... 100 m?/sec 
Speed......,........... EFE 75 rpm. 


Arrangement of turbines is normal but certain special solutions deserve 
mentioning. The thrust bear is not mounted to the upper bearing bridge but 
directly to top plate. The advantages of this solution are well known : direct 
transfer of weight of the rotating parts to foundation through top plate and the 
columns of speed ring ; equalization of axial hydraulic thrust by water pressure 
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Photo b. Reinforcement: of spiral case, Tiszalök plant 


to top plate through turbine shaft and thrust bearing: accessibility to thrust 
bearing, Further advantages : when dismounting generator for cleaning win- 
dings and air gaps. the dismounting of the rather sensible thrust bearing is 
unnecessary and last but not least the power house will be lower. Moderate 
regulating power due to proper types for runner blades and low head has made 
it possible to instal servo-motor in the rotor hub of generator. This solution has 
ugein further advantages, namely inside the generator-rotor sufficient space 
is at our disposal: éxtra size shaft coupling flanges are rendered unnecessary ; 
the servo-motor ds easily accessible without dismounting shaft. because only 
the oil supply head is fixed above it. An additional advantage is that the turbine 
shaft could have been divided right inside the thrust bearing house so, that the 
upper flange of the lower shaft constitutes the thrust collar which, in this case, 
carries the rotating pivoted shoes of the self-Iubricating thrust. bearing. 

From the point of view of constructional solution the runner blades and 
guide vanes are to be mentioned, The four runner blades of the 4,8 m diameter 
runners have been specifically manufactured, i. e. an ordinary steel framework 
has been attached to the runner blade stem. The framework is covered by а 
properly shaped plating of special steel. By this method a light and smooth 


u 
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Photo 7, Inside of spiral case, Tiszalök plant 


plate has been obtained by using little special material, The guide vanes are 
2,2 m high without stems and can be produced at а low cost. They are made 
completely of welded steel plates. 

The Tiszalök project is to operate as а run-of-river plant in Hungary's 
energy system and therefore its task is to most efficiently utilize the discharge 
of the river. Owing to lack of higher pondage possibility the discharge of units 
must be in keeping wilh run-off. In our case this problem will be solved by 
an automatic device governed from head-water level with regard to highest 
efficiency in operation, To give protection against the 210 cpm runaway speed 
of the turbine a separate oil pressure system has been installed storing and 
supplying high pressure oil for the serve-motors, Adequate pressure cares for 
stopping the units in safety in case of runaway. The mechanism of the power 
station will be automatic and putting into operation will be carried out by press 
button system. 

As to generators which are produced alsa by home industry we have to 
be satisfied with listing the most important data, It must be noted that contrary 
to general rule, owing to low speed, the exciter is not directly connected with the 
turbine unit but constitutes a separate elect ro-ugeregate with a speed of 1460 rpm. 
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Phozo 8. Building of power hause ; supporting rings for generator, Tiszalök hydro-electric plant 


Generator deta 


Connection Y, three-phase 


Nominal rating. 5000 KVA 
Tension V 
Cycle. ....... 


Speed .... rpm. 


As we have seen Hungary is far from being rich in hydro energy due to the 
exceedingly little slopes of ite rivers. Therefore in the country's co-operating 
system the bulk of load will always be carried by thermo power plants while 
hydro plants will be able to participate not more than 10—12% in Hungary's 
overall capacity. It is obvious that hydro plants will continue to be of an auxili- 
ary character and, due to highly variable hydrographical conditions, provisions 
are to be made for certain reserve plants as well, Yet water plants are of a great 
importance as far аз economy in coal is concerned, 

In conclusion several photographs illustrate phases of building process 
at the Tiszalók project described in this paper. 
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As described in a companion paper, the Paulo Afonso Hydroelectric 


Station is located at a considerable distance from load and population 


centers, This situation is shown in Fig. J. The two largest consuming 
centers are at Recite and Salvador, and it is expected that both initially 
and ultimately, the bulk of the power will be transmitted to those vici- 
nities, However, there are many inland communities in need of low 
HI cost eleciric service. The area encompassed is very large, and many years 
must inevitably elapse belore all the commimnities can be served. "The 
initial steps involve bulk power service to Itabaiana and Angelim, whence 


»ubtransinission at 69 kv is being established to some of the larger со. 
| munities in those distrien. 

The Paulo Alonso site is capable of 900,000. Kiliwatts ultimate co 
pacity. The initial capacity ds two 60,000 kilowatt hydroelectric generator 
units soon to be followed by a thid. he initial non-coincident maximum 
loadings were estimated to be within the following figures: 


Recite .......... 25,000 kw (50 cycles) 
Salvador ........ 20,000 kw 
ftabaiana ..2..... 10,000 kw 


I | Angelim ........ 10,000 kw 
$ ] 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


y 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


1. SELECTION OF TRANSMISSION VOLTAGE 


The distances ta Recile and Salvador are about 250 and 275 miles 
respectively. At these distances, the stable carrying capacity of transmis- 
sion lines can be expected to be of the order of the “surge impedance" 
or "natural" loading. The realizable loading is influenced. by Factors 
such as the generator and transformer impedance, number of lines, num- 
ber of line sectionalizing points, type of switching and relaying, synchro- 
nous condenser. capacity, possible use ol series capacitors, etc. Dependent 
upon those factors, the realizable loading lor this distance night reaso- 
nably range from say 0.9 to Lof times surge impedance loading (SIL). 


Fig. 1 — Geographic area served by the Paulo Afonso Project, and the routing of the 
transmission lines 
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Based on surge impedance loading, the Guaying capacity per circuit 
at different operating voltage levels is as follows: 


Operating Voltage Load Capacity 
per circuit 
138 lu 48,000 Kw 
161 kv 65,000. kw 
230 kv 132,000 kw 
287 kv 198.000 kev 
330 kv 272,000 kw 


This table shows that one 138 kv or 16 kv line each to Recife and 
Salvador would have been adequate [or the first two or three. generat 
ing units, but that additional circuits would have to be constructed as 
additional generating units were added. At the opposite end of the scale, 
two 330 kv circuits to each major load center would be adequate for the 
ultimate development, and probably most economic at that stage. How- 
ever, the investment costs would be excessive tor the initial development. 
This applies not ошу to the сөм ol the line, but also tlie exta cost of 
handling the high line charging kya. 

It wis considered that che initial tranmunission line installation must 
be capable of handling at least the maximun output. ol three generating 
units, or 200,000 kw. Furthei, that. because ol the uncertainty ol. the 
division of load between the two major vecsiving centers, it should be 
posible to trammit 2,3 this power over one line. Preliminary technical 
and economic studies had indicated 230 kv as the mose suitable voltage. 


II. AC CALCUL ISC. BOARD STUDIES 


% further establish the best tansinision: voltage and rbe receiver 
b. kva a study was made on the ice Caleulating Board. Some seventy 
individual power How conditions were investigated. Fig. 2 is illustratise 
of one ol the heavs load. cases. The Recile line has a power input ol 
132,000. kw: the surge impedance loading. It will be observed that a 
total of 60,000. kva ob e HTT condenser capacity is required at 
Recife, mostly to serve the R Куй requitements ol the load, since the 
R kva requirement. of ihe. linc is praendealiv zero ato surge impedance 
loading. 

Several essential faces lor system engineering and equipment speci 
lication are ascertamed hom the data ol Fg. 2 (supplemented by the 
other AC Board Studies). These were: 


. The 230 Ky level of operating voltage Wis necessity. 

2. The initial Paulo Monso generales could never be loaded to > 
capacity at dower than 0.08 pl lagging (overexcited). 

3. "The generator step-up озимого should be wound for a low: 
tension voltage of 13,800. volts to best match the 13,800 volts 
generators. (13,200 volts is customary jn mos generating stations) 
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i 9 255 
| A maximum transformer tap quo load) of 225 ky would suftice 
pin "EE . ! 1 
En conjunction with generator voltage control) to maintain a 
generating station bus voltage level in the zone of 220 to 240 Ку, 
because ob the high power factor operation. 
| With the conventional 10% lap range, the lowest tap could be 
[made 202 kv which would be a decided asset. in the initial O verat- 
1 I 
| 
| 


* 


ing period when only two penerators were installed and one 
generator might occasionally be unavailable for service. 

Complete data was afforded for selection of Ups on the receiv- 
ing 230 kv transformers, and the various transformers on the 
166 kv subtransmission net. Data were made available for future 
¿use regarding synchronous condenser capacity for various load. 
lings. This data is primarily for future system planning and is 

not of sufficient general interest 10 present here, 


| 


| F MI. LINE CHARGING REQUIREMENTS 


i 
Phe, theoretical line charging kya at rated voltage of the lines is as 
follower | 


I 

230 Rv Paulo Alonso — Recite .... 65,000 kva 
| 230 Kv Paulo Alonso = Salvador. 71,000 kva 
| 


Жош. Sc s 136,000 Eva 


kva of the long lines was considered an essential point of system design. 
In order to be on the sale side, the theoretical charging kva was arbitrarily 
incre Sed by 7", when determining the characteristics of the equipment 
for handling the lines, “Phat iv, the toul charging kva ol the lines to 
Recife] arid. Salvador was taken as 143,000 kva at 230 kv. Calenlations 
асаа ШЕП the charging kva of the 69 Ку lines just about equalled 
the ta al transformer magnetizing Куа. 


IV. ТИНЕ LINE HANDLING PROBLEM 


Thé initial development consisting ol only two generators at Paulo 
Monse” it was deemed prudent to base the system design on the contingency 
thar one generator might be out ol service from one cause or anothei 
(electric, hydraulic, mechanical, control, or auxiliary trouble or maint 
enande), Unless the system were designed on that basis, if one generator 
were eut ol service, it would be necessary to disconnect one line and 


MM x E Н 2 
thereby interrupt. service to either Recife or Salvador. 
i r 


| 
i 


1 


| 
| 
| 
| 
| 
| 
1 
lea 
i 
| 
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Fig. 2 — Load low diagram of system in early stages showing voltage levels and 


reactive correction required 
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Therefore, the sum total of the line charging ability of one Paulo 
Afonso generator plus all other equipment must at least equal the line 
charging kva. This condition was met by the following equipment line 
charging abilities: 


Line Charging Ability 


— Рашо Momo Generator co... ‚. 906,000 Ka 
2 — Recile Frequency Changer Motors ;. 22,500 kva 
2 — Recife Shunt Reactors ...... 10,600 Куа 


10,006 Куа 


— Salvador Synchronous Cond 
10,000 Kv 


2 — Salvador Shunt Reactors 


Tol .... . 148,500 Куз 


This is slightly more than the line charging requirements, on the 
conservative basis stated cartier, 

Merely providing the line charging requirements dil not necessarily 
insure stable operation inasmuch as the reactive Kea was being supplied 
from both ends of long trasmisión Hines. There was the possibilite of 
dynamic instability because of the long connecting lines, and all synchro- 
nous machines being operated at practically zero field. excitation, 

To verily this situation, the system was set up in ininiature, using 
rotating synchronous machines, and che necessary resistances, reactinces, 
and capacitinces to simulate the lines on и scale proportionately. The 
scale wis set by assigning a ben rating to the synchronous machine such 
that their synchronous reactance equalled that of the actual machines they 
were to simulate. The tansient reactance was made to suit by adding 
external reactance И the miniature machine reactance wis too low. or 
by subtracting some reacumee from the lines and translormers if it was 
гоо low. Inertins were approximated by means of the various Uviwheel com- 
binations available. The machines actually used in the (est were of the 
salient: pole type, and had a continuous Capacity ob. 100 Kva, 


A setup of this hind brings in the Фано ot the actual sten 
with respect to power traer between machines, their inertias, and their 
field time constants. In this instance, the Geld time constants were shor 
ter thie those of the actual machines. heme the results are conservative. 


Voltage regulators forthe synchronous machines were not available 
for these tests. While certain types of. voltage regulators. promise impro- 
vements in dynamic stabilis, it was dermed prudent to base the system 
design on hand control. | 


Fig. 3 shows the setup ot the miniature умели. 

Fig. 4 shows the results of one series ol tests; Here, the capacitance 
Куй, was varied as a percentage of the total available line charging kva. 
The Salvador line was connected, but the Snchionous: condenser was 
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oH, and there was no Joad at Salvador. [he 1005, charging kya point 
is the point where cach: лупе e прн пе is operating at its full 
line charging abilis gero field exeatation), with no toad delivered Ds 
the Recile hequenes changers Do get the pullout Joad far the Diegues 
changer, а smal] load inerement was applies alo the atual set up, th: 
"есиет Changer” wim a хла отих toale motot generator sei, and 
the load on the da generator мах controlled De excitación control ol 
the dbe generator, Fhe voltages would thereupon drop хиа. The 
field excitations ol each machine were then ute el to gestae nominal 
welt ge. Additional sinall loud items and excitation imereaso Were 
applied until the "hieequenes changer pulled ont of унеш \ 
similio procedure was used for lesser meute ob capitaneo ba, reult 
ing in the cuve ol Fu. d. 

Fig. domar be used in a waters ob ass Dunt минре will be used. 


Case] vetme the two nbn Кул gsneraters hose line charme 


abilities to OLODO hie eadh or P2 OUO Ka mal. Die acenda with USA 


D 


practices, thes would have an SOR of 2 to attain this abilite Ehe 
Кене loqe ehiangers and hit cuts Мамин combined line 
charging alilities ob 2. 5% Esa dhe total Bue charente abilits weak be 


Fig. 3 — View of ane mature replica system used du inse ga the effect at ab agni 


kea On steady state power mats 
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154,500 Куа. With 115,000 kva actual requirements, the percentage to be 
used in Fig. Lis 1H57151.5 SC 100 < 91. The frequency. changers would 
thercfore pull out of step if loaded to 10,000 kw — less than half their 
combined ratings. 

Сизе II. Assume the two 61,000 Куа generators have line charging 
abilities (short time) of 46,000 kva each, or 192,000 Куа total. (SCR of 
1.98) With the Recife ability of 32,500 kva, the total line charging 
ability is 224,500 kva. The requirement of 145,000 kva is 05*5. From 
Fig. 4 the Recife frequency changers would pull out at 17,000 kw. 

Certain other specific cases, all with no load at Salvador, were 
examined, 


SCR... 1.25 


Pullout load of Recife 


Case Frequency Changer 
Ht 1 Generator at PN, no condenser at Salvador . Inoperable due to 
overvoltage 
IV Generators at PA, no condenser at Salvador do . 16,000 kw 
2 Generators at РА, 20.000 kya condenser at Salvador WOOD kw 


SCR =. 1.98 


VI 1 Generator at PA, no condenser at Salvador 
VIE 2 Generators at PA, ne condenser at Salvador. d 
VIL 2 Generatens at PA, 20.000 kya condenser at Salvador 


52,000 kw 


Case HI confirmed previous analyes that the Salvador line would 
have to be disconnected under these circuanstances. 

The other cases demonstrate that, having provided sufficient line charg- 
ing ability in the Paulo Afonso generators, to operate with one generator 
out of service, а very valuable corollary was obtained. TE both Paulo 
Alonso Generators were available dor service, then any one other machine 
could be out ol service, and. electricity supply could still be made avai. 
lable over both lines. (Note: The Salvador condenser being larger thin 
the Recife frequency changer motors, it was deduced that the los ol 
опе frequency changer would be less serious, systemevise, than the loss 
of the Salvador condenser.) 


У. THE LINE SWTECHING PROBLEM 


The previously discussed analyses show how the line charging problem 
was met The line switching problem was still formidable. Lack of apace 
precludes a fall presentation of all the work which was done in connection 
with energizing a line. 
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TOTAL LINE CHARGING KVA IN PERCENT OF SUM 

OF THE LINE CHARGING KVA ABILITIES OF THE 

| CONNECTED SYNCHRONOUS MACHINES 

; Fig. 4 — Steady-state pull out loads of Recife frequency changers aa affected hy total 
system charging kv 
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Each major load area is served by a single 230 kv line. When that 
line is tripped due to it fault, service is temporarily interrupted. The 
temporary interruption is tolerable. The problem is: How сап the line 
be re-energized? 

The following table shows the calculated voltage 
inations of conditions when re-energizing die line to 
Case, it was assumed that the voltage of the Paulo Afonso generator wis 
controlled by the automatic voltage regulator, and was operating at 1? ky 
terminal voltage (87%, of normal) just prior to closing the high tension 
breaker to the Salvador line. 


for several comb- 
dvador. In each 


Condition Mains BMS Voltage 
at Salvador 


a. One PA generator, line open except for stepdown 


transformers 44... . 100 Lv 
b. One PA generator, two 5060 kya shunt reactors 

Ub SHAROF a ce es а ekaan Wal, À 525 Kv 
€. wo PA generators, line open except for. step. 

down transformers. Кеды Ape be ad ETS 285 kv 
d. Two PA generators, two 5000 kva shunt reactors 210 kv 


The voltage values listed were calculated bused on the voltage rise 
Чие to transient vesctance plus а slight: further rise duc to alternator 
field Пих increase. until the voltage regulator obtains control. 

The saturation elect of the transtormers and reactors were not 
included in the calculations. If consideration is given to saturation, the 
calculated rins voltages would have been somewhat less. However, in 


other studies made with the Analog Compitter of ion saturation in the 
tance, it has been found that saturation greatly distorts 


the voltage wave fora such that the crest voltage mas be as much as 
2.0 times the rms rather than I. £1 times doi à sine wave. The voltages 
are therefore very dangerous and apt to cause failure ol apparatus. insul- 
ution. 

П both PA generaiars were available tor service, the situation could 
be readily met by allocating one generator to the Recile line and using 
the other generator [or energizing (at reduced generator terminal volt. 
age) the Salvador line. This procedure, whole minimiring disturbances, 
postulates the continuous availability ol both Paule Mono generators. 
A high availability of generating capacity can be forescen, but the possib- 
ility ol à generator being out ol. service could not be ignored, Conseg- 
uently, means were sought to perimit veenergization of either the Recile 
or Salvador line, even though only. one Paulo Mono generator was 


presence ob caj 


available for service. 
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This problem was solved by using the receiver synchronous machine 
(a frequency changer at Recife or the condenser at Salvador) at standstill, 
as a shunt reactor. This effect is achieved by connecting the machine 
across the low voltage receiver bus (without reduced voltage taps) before 
closing the transmission line breaker at Paulo Alonso. The machine the- 
refore presents its “locked rotor impedance" substantially che sub-transient 
reactance, as a shunt reactor. 
The equivalent size of shunt reactor altorded. is as tollows: 
| — Salvador Condenser ....... 80,000 kva. 
| — Recife Frequency Changer . 75,000 kva. 


This procedure of connecting а standstill (ot slowly rotating machine) 
iy very effective in neutralizing the line charging kva. Actually, the 
machines give somewhat more compensation than needed, so that there 
isa voltage drop along the transmission line, This is actually desirable 
in that it minimizes the mechanical stresses on the windings by reducing 
the inrush current. 

‘Phe actual voltage across the machine terminals à between 50 and 
65%, of rated voltage. The effect of the combination of the line and 
connected machine, as reflected at the sending end of the line is a load 
of about 13,000 kw, at practically unity power factor, The initial effect 
on the bus voltage at Paulo Alonso is therefore very small. There may 
be a slight rise, or a sight drop, depending upon the particular circumst- 
ances. “This is in marked contrast to the sudeien and Luge rise of voltage 
which would ensue upon energizing an openceireuited line. 

lt is posible to caleulate {айу accurately the changes in voltages. at 
Paulo Alonso and Salvador as the synchronous condenser comes up to 
speed. However, such calculations are quite tomples, since thev require 
aostep-by-step process. Fig. 5 shows the approximate manner in which 
the Salvador condenser currents and voltages! are expected to vary during 
à Full voltage start. Iron stands. These curves are based on cak ulations 
lor the initial and tinal conditions, with approsimations of the ellects 
due to the rotational inertia and field time constants of the condenser. 

и will be observed that from манам o pullin of the condenser, 
that the current and voltage change gradually, «o that the voltage regu 
knor on the Paulo Monso generator can readily Hollow the. changes. 
Mier the condenser pulls. into synchronism, the condenser. curent drops 
ol at a more rapid nne, due to rapids magnetization ol the machine. Some 
slight temporary overshoot in voltage + ight occur, dependent upon the 
number col tines, generators and receiver equipment in service. 

Aa the end of the time period depicted by Fig. 5. the condenser 
will be operating without Field excitation. Che machine will have pulled 
into step at random with respect to the Geld poles. "Uhereteie, applying 
a given polarity of field exeitation might either raise or lower the volt 
age. With one polarity of excitation. the automatic voltage regulator 
will work properly, With the other polarity of excitation, an increase 
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ol excitation will reduce the voltage, thus calling for more excitation. 
With the negative or wrong excitation polarity, the excitation current 
would be increased by voitage regulator action until the condenser slipped 
poles, at which time it would he positive excitation. and the terminal 
voltage would go considerably above normal, with violent oscillations 
in phase position. 

To prevent this situation, a polarity determining device was provided 
to apply excitation. of the proper polarity. 

VI. SPECIAL PROTECTIVE FEVTURES 

The electrical systems at the receiver ends of the system have very 
small ianounts of synchronous machine масну. As д consequence, they 
are completely inadequate to charge their respective. transmission. lines. 
Should the supply breaker open at Pauio Afonso with the receiving equip- 
ment connected, destructive overvoltages wold be likely. 

To guard against this possibility the line protection relays are arrang- 
ed so that the tripping impulse is given to the receiving end breaker 
first. the tripping of the Paulo Afonso line breakers being del ved slightly, 
Also, the control of the Paulo Afonso line breakers are arranged so that 
if a line is tripped manually by the operator, the receiver end breakers 
are wipped first. 

Further safety. features are provided by overvoltage relays at all of 
the stations. “These relays аге for back-up purposes, in the event that 
the normal protective devices do not function for some reason. For exam. 
ple, should a receiver breaker be opened accidentally, there ix no ideal 
way of detecting that fact. The Renerator frequency will increise, and 
with it the voltage. With the system otherwise operating normally, 
oveivoltage relays is a satisfactory means of protection, 


II. INSULATION. LEVELS AND GROUNDING 


The question of insulation. levels for the 230 Ке transformers and 
circuit. breakers required careful Consideration. in view of the possibilities 
of dynamic overvoltages due to the long lines being handled. Electrical 
equipment is designed to operate at 10585 of rated voltage continuously, 
and it is recognized that during switching, sudden loss of load, no-load 
Operation and the like, the voltage ol the stem may rise teniporarily 
above its rated. voltage. No specific provision for these contingencies is 
provided in equipment designs. However, it is evident that designing a 
system which might have frequent and considerable overvoltages would 
be courting apparatus failure, or else 4 high level of apparatus insulation 
would have to he selected. 

The philosophy adopted was te lay out the System so that overvolt- 
ages could be minimized, thereby allowing the use of normal apparatus 
insulation. levels. So doing allowed à choice between the 196/230. Kv 
class and the full 230 ky class having, for transformers 60 cycle tests. of 
395 Ку and 160 Kv, and impulse tests of 900 and 1050 ky respectively. 
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The use of the 196/280 kv ck 
effectively grounded, and the app: 


level below 900 kv. “These provisions] 


transformers at all locations, the 2 
in each case, and solidly grounded 
afforded the necessary impulse pro 


ACCELERATING PERIOD 


CONDENSER GURRE | Ў 


PER UNIT CURRENT 


Fig. 5 — Calculated aporoximate terminal |vot 


during an acrosa.the.iinal 


i 


dependent on the system being 
us being protected to an impulse 
vere inet by the use of deltaawye 
Y windings being муе connected 
itning arresters rated at 195 kw 
on. 


NSER 
ULLS IN STEP 


100 


PERIOD 


so 


PERCENT VOLTAGE 


es 
А 


; and current in Salvador condenser 
ing operation 


А à comequence of the wye con 


ión on the 230 kv side at Recile 


q H fr * MES H 
and Salvador, and the further requirement that the low side had to 


— d 
provide a ground current source, three; 


were used. At Itabaiana and Glicer? 
zigzag grounding banks were provi 


VIO. SIT 


Since there is only one line to G 
interrupts service temporarily. Und 
stability problem in the usual sense. 
lines will be built as required by jase 
anticipated that a faulted line ‘sect 
loss of stability to the system. 

This requires high speed circuit 
are of 196/230 kv 3,500,000 kva rat 
cycles. (0.05 seconds). Carrier relayin 


leiri ye ч 
Winking wyedelurwye transformers 


ine 66 kv side was delta, and 


* 40 ground the 66 kv system, 


and relaying, The breakers 
Wb have си clearing time of 3 
ised 10 give rapid discrimina- 
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LE] 
tion, In the initial phases ol operation, tbe high speed relaving and 
tripping is advantageously used in a transfer tripping scheme to trip the 
receiver breakers ahead of the sending breakers to a ! 


vid overvoltages. | 

| IX. OPERATIONAL PROBLEMS І 

SA 1 | 
During the first few years ol operation, the amount ol synchronous nia 
chine line charging ability relative to line chirging requirements is much 
smaller than on most systems. As additional generators аге installed, 
the situation improves rapidly. In the meznwhile it is necessary that 
the system be operated very caretully to avoid dangerously high overvol- 
ages. Based on engineering calculation, the operating personnel have 
received instructions as to the procedure to be followed when energizing 
the lines with various combinations ol machines available. | 
Since initiaily there is but ene transmission fine in each direction, 
line tripouts will cause power interruptions. Following a line tripout, 
it both Paulo Alonso generators. are. in service, one machine mas be 
temporarily disconnected. from the system, and used to reeuergize the 
line, amd then. resynchronized. with the system, И only ane generator 
is in service, the tipped line изим be reerergized with à ssnchronoûs 
machine connected to the receiver end. | 
Two 5000 Kva shunt reactors were provided for cach receiving sub- 
stations These were found by the AC Calculating Board studies 10 be 
desirable for light load operation. Without them, the generator voltage 
would have to be lower than desirable, or the receiver voltage higher 
than desirable at light load. ‘Fhis situation could abo have been corrected 
by the tise ol on load tapesdimigers, However, the extra linecharging 
ability obtained trom the shunt reactors is ob considerable value when 
the synchronous machines ше out ol service. | 


CONCLUSIONS 


l. he initia operations of the Paulo Monso project required ibe 
handling of lone transmission lines with relatively sul amounts gene 
ing capacity. АС Calculating Вол studies indicated that. the initi 
operation should be at about the design line voltage of 230 kv. | 

2. The system was designed on the premise that it must be aperable 
with апу one synchronous machine out ol service. This required the 
ability lo charge the lines with only one Paulo Afonso generator. The 
generators were designed to have a short асан ratio of about 2.0 10 


make diis possible. | 


SB. sS miniature teplica of the system was set up using ТОЮ Кул anas 
chines. Based on generators of SCR 2200, the successbul operation ol 
the system was verilied with опе Paulo Alonso generator in service. | 

4, Re-energising a wipped opencircuited line wouhkl cause dangerous 
overvoliages. To permit such re-eneigization, the receiver synchronous. 
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machines аге arranged for across-the-line starting. Their “locked rotor" 
reactance provides! the equivalent of а large shunt reactor for a time 
sufficient lor the voltages to be stabilized. 

5. By providing means to minimize dynamic overvoltages, effectively 
grounding the system, and providing adequate impulse voltage protec- 
tion, apparatus of the 196/230 Kv class was possible, at a considerable 
saving in cost. | 1 

6. Close coordination between engineering and operation is Gecessary 
in the initial phases ol operation. 
| 
| 

As a result of careful and thorough analysis of system requirements, 
the equipment insta Ned at the Paulo Alonso generating station and main 
receiver substations [will be adequate to supply the initial and future load 
conditions as planned for by the Cia, Hidro Elétrica do São Francisco, 

This paper summarizes considerations given to the various technical 
features of the electrical design in the selection ol the basic characteristic: 
of the system and Apparatus. AC Calculator Board studies proved that 
the use of line voltage of 230 KV would enable satisfactory operation 
with transformers using standaid range of taps, nor only. tor the initial 
operation but also lor iba future anticipated loads. [n this type of sys- 
tem where kilowatts required tor line changing are very large in compa- 
rion with the connected synchronous capacity, the initial operation ron- 
dition is most criticil. A study of the dynamics of the system on a mi- 
niature replica established the tact that generators of a short circuit ratio 
of 1.98 would have the desired characteristics in connection with all 
operating conditions to be encountered including the initial light load. 
ings. Adequate voltage control is provided by synchronous equipment 
with automatic voltage regulators at the main receiving stepdown sub. 
stations at Recife and Salvador, In order to simplify system operation 
these receiver synchronous machines are arranged. dor across the line 
starting a» well as conventional low voltage starting. A briet description 
of the system grounding: and special features which have been incorpo- 
rated to eguard system operation is also included. 


SUMMARY 


1 
үк ENDE 


Come résultat d'une analyse complete des nécessités du système, Pequi 
pement installé à la centrale de Paulo Alonso et aux principales stations 
d'arrivée de l'énergie] pourra répondre iux. conditions de charge. initiales 
et futures prévues par la Compagnie Hydroclectrique du São Francisco. 


Cette monographie résume les attentions données aux différents as- 
pects techniques du projet pour le choix des caractéristiques londamen- 
tales du système et dé son appareillage. Les études au tableau caleula- 
eur du courant aliéernaril. ont démontré que l'usage d'un voltage de 


| 
l 
1 
i 
i 
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ligne de 230 kV permettrait. un. fonctionnement: satisfaisant. avec des 
transformateurs à bornes standardistes, non seulement pour l'étape initiale 
mais aussi pour les charges futures prévues. Dans ce genre de systéme ой 
les kilowatts exiges pour la charge de ligne ont une valeur trés grande en 
comparaison avec la capacité synchrone branchée, la condition de Vopé- 
ration initiale est des plus critiques. Une étude de la dynamique. du 
Système sur modèle réduit a montre. que des générateurs d'un rapport 
de court-circuit égal à 1.98 présenterait les car téristiques voulues par 
rapport а toutes les conditions d'opération qui devront se vérifier, y com. 
pris les charges initiales d'illumination. Un contrôle convenable de 
voltage est fourni par un équipement synchrone muni de régulateurs au 
tomatiques de voltage iux principales stations d'arrivée pour l'abaisse- 
ment de voltage à Recife et Salvador. Afin de simplitier l'opération du 
système, ces machines synchrones Téceptrices sont aménagées à travers le 
point de la ligne et celui du bas voltage convenu. La monographie. con 
tient aussi une courte description de la terre du système et des précautions 
spéciales qui ont été prises pour sauvegarder l'opération du système. 


Resusto 


Como resultado dunia análise completa das necessidades do sistema, 
e equipamento instalado na central de Paulo Afonso € nas principais 
subestações poderá satisfazer às condições de cuga iniciais e futuras pre 
Vistas pela Companhia Hidro-Elétrica do São Francisco. 


Essa monogratia resume as observações leitas sobre os vários aspectos 
técnicos do projeto para а escolha das características fundamentais do sis- 
tema e de sua aparelhagem. Os estados no quadro calculador da corrente 
alternada demonstraram que o emprégo duna voltagem de linha de 230 
KV permitiria um funcionimnento satistatório de tanstormadores com 
bornes padrões de ligação, não só para a etapa inicial como para ds car. 
Bas futuras previstas. Nesse genero de sistema, по qual os quilovoltes 
necewários para a carga de linha tém um valor elevado em compar 
com a capacidade sincrônica conectada, a condição da operação inicial 
€ das mais criticas; Um estudo da dinâmica do sistema baseado no mo- 
délo reduzido mostron que geradores duma relacio de curtecircuito igual 
а 1.98 apresentariam as características desejadas em relação а tódas as 
condições de operação que deverão se. veritica, incluindo-se us cargas 
iniciais de iluminação, Um controle conveniente de voltagem é forne- 
cido por um equipamento sincrônico, munido de reguladores automáticos 
de voltagem nas principais subestações para о abaixamento de voltagem 
em Recife e Salvador. A lim de simplificar а орет » do sistema, essas 
máquinas sincrónicas receptoras são ordenadas através do pomo inicial 
Ча linha e o da baixa voltagem comencionada. A Monogralia contém, 
ainda, uma rápida descrição do sistema de terra e das precauções especiais 
que foram tomadas para salvaguardar a operação do sistemi. 


i 
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CONFERÉNCIA MUNDIAL DA ENERGIA 
WORLD POWER CONFERENCE 


REUNIÃO PARCIAL. 
SECTIONAL MEETING MELLO (F.P. de) 


Rio de Janeiro — 1954 Brasil 


SOME TECHNICAL AND ECONOMIC 
ASPECTS OF POWER TRANSMISSION 
IN BRAZIL 


By Ing. F. P. DE MELLO 


BRAZILIAN NATIONAL COMMITTEE 


The problem of long distance power transmission will be encoun- 
tered with increasing frequency in Brazil where the rapid growth of some 
regions creates a market for power which could be supplied from far 
away sites across vast tracts of relatively undeveloped land, Bulk power 
transmission across distances of a few hundred miles with no interme- 
diate generation is one of the problems facing the transmission engineer 
who must strive to make such transmission economically and. technically 
feasible. 

This paper presents some technical and economic aspects of such 
transmission with particular reference to conditions in Brazil. The ge- 
neral philosophy of transmission design is discussed, based on particular 
problems which have been worked out. To limit the scope of this paper 
the discussion centers around a transmission distance of 200 miles which 
is more likely to be encountered than the longer distances. The basic 
approach to the problem however would be the same regardless of dis- 
tance, the only difference being in the relative economic weight of the 
various factors. 


DESIGN CRITERIA 


The transmission System with which we shall concern ourselves is 
one that links a remote power site to a metropolitan power system. The 
power received by such a metropolitan system from the remote plant 
represents a substantial fraction of the system capacity and hence the 
reliability of the supply has to be high. 

The design of a transmission system is based on maintaining a 
certain degree of reliability in the continuity of supply. The classical 
design is the one that provides for stability through the most severe dis- 
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turbances likely to be encountered, such as a 3 phase to ground or a 2 
phase to ground fault on one circuit near the sending end bus. Fault 
durations of 4 cycles are assumed (1 cycle relay time and 3 cycles 
breaker time). 

The conventional methods of achieving reliability in transmission 
by use of intermediate switching stations and series compensation have 
been well described in recent literature. The effects of low sending and 
receiving end reactances as weil as of increased inertia of the sending 
end generators have also received due consideration. Each of these me- 
thods of improving the stability of transmission is limited and can be 
applied insofar as practical economic considerations permit. The possi- 
bilities of using a shunt braking resistor at the sending end. to be swit- 
ched on immediately after the occurrence of a fault, are also considered 
as a supplementary means of maintaining stability. As will be shown, 
such a scheme makes possible some economies in transmission plant. The 
efforts towards making a transmission system stable, so far, have been 
mainly in the direction of smaller fault clearing times and greater post- 
fault synchronizing ability between the two ends. The direct results of 
these design measures have been (a) the reduction of the disturbing 
influence to a manimum by cutting down the time of fault duration and 
(b) the increase in the natural restoring synchronizing forces which, 
after clearing of the fault, would restore the sending end rotors to rela- 
tive equilibrium with the receiving end. This latter effect is obtained 
through the reduction of the through impedance with series capacitor 
compensation, and by shortening. with the use of intermediate switching 
stations, the line sections which may tripout. Both these measures (a 
and b) can be used within limits. 

The philosophy behind the use of shunt braking resistors is sound 
inasmuch as the switching on of the braking resistor is a shock treatment 
with exactly opposite effects to those caused by the fault. A fault causes 
à loss in electrical output of the sending end generators whose rotors 
are given accelerations proportional to the amounts of power lost. The 
braking resistor loads these generators and converts back into heat the 
excess energy stored in the rotor inertias helping them hack into equi- 
librium with the receiving end. Basically the shunt resistor method of 
improving ability is a direct antidote to the cause of instability. These 
shunt resistors can be three phase water resistors for direct connection 
to the sending end high tension bus through a high speed breaker. The 
switching on of these resistors could be made within 6 cycles after 
occurrence of the fault. by an instantaneous impedance relay calibrated 
to close on faults severe enough to warrant the stabilizing action of the 
braking resistors. The mechanism of the breaker controlling the bra- 
king resistor would have to be designed for tlose-open operation with 
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an “on” interval of a required number of cycles. As will be shown this 
interval should be long enough to maintain stability on the most severe 
faults, without being detrimental to stability, due to overbrakirg. on the 
less severe faults. 

The classical design permits the system to ride through a fault 
followed by the outage of a line section. High speed reclosing should 
not be considered in this case for the following reasons: 


a) — reclosing is not by itself a measure which improves mate- 
rially the stability limit of a transmission system because of 
the dead time limitations of 12 or more cycles after the fault 
period, during which time the restoring forces should play 
the greatest part in order to maintain stability. 


| 
b) — 'The possibility of the fault persisting is always present and. | 
should this happen. rapid reclosure would reapply the fault | 
and endanger stability rather than help it. | 
Frequently less severe design criteria are considered satisfactory. In | 
view of the great reliability of modern transmission lines of 230 Kv and i 
higher, which exhibit performance characteristics approaching the ideal 
lightning proof line, it is often considered acceptable to have a one circuit | 
transmission system accepting the risk of generation loss in case of a 
fault on the line, For these cases a braking resistor at the sending end | 
could be used to advantage together with high speed reclosing thereby 
avoiding the loss of the sending end plant except in those relatively rare 
cases where the fault is permanent. 


ANALYSIS AND COSTS OF 200 MILE TRANSMISSION 


The following specific examples are used to illustrate transmission 
schemes and compare costs. They will establish the order of magnitude 
of the factors involved and give an idea of the economics of typical 
transmission schemes. 

Let us examine the possibilities of transmitting 400 MW from a 
Power Plant to a Metropolitan System 200 miles distant using the 
classical design which permits operation with a line section out of ser- 
vice. The following assumptions are made: 


1) — Generator transient reactance -- 0,30 per unit on 400 MVA 
base. 


2) — Sending end transformer reactance +- 0,10 per unit on 400 
MVA base. 


3) — Generator inertia constant Hg .-- 3.0 on 400 MVA base. | 
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` 4) — 230 Kv lines of 795 000 ст or 1113 000 cm ACSR with 


5) — 
6) — 


7) — 


8) — 


31-1/2 ft. horizontal spacing or 287 Kv lines with 512 000 
cm. hollow copper type HH with 32-1/2 ft. horizontal 
spacing. А 
Receiving end consists of a 230 Kv network with a reactance 
= 0.20 per unit on 400 MVA base. | | 
Receiving end equivalent inertia Hm = 12.0 on 400 MVA 
base. ; 
For the case of 287 Kv transmission the additional reactance 
corresponding to 287/230 Kw auto-transformatión at the 
receiving end = 0.08 per unit on 400 MVA base. 
Under normal conditions a 5°% voltage drop isi assumed 


between sending and receiving ends. 


The first step would be to determine what arrangements are feasible 
to guarantee a steady state stability limit above the amount of power 
to be transmitted. considering one clement of the line out of service duc 


to a fault. 


The following were the values obtained as steady state limits for 
| 


various arrangements: 


1) — 


2) — 
3) — 
4) — 


5) — 


7) — 


Maximum power: received 
in per unit 
Two 230 Kv circuits, normal | 
(unity) short circuit ratio of 


sending end generators 1.08 
One 230 Kv circuit normal 

SCR: |l v leer nr. i: 0,64 
Two 230 Kv circuits SCR 

50% higher than normal ... 1.15 
One 230 Kv circuit SCR A 

50% higher than normal.. 0.67 


Two 230 Kv circuits normal 

SCR with one intermediate І 
switching station and one linc : 
section out ...,......,.... 0. 80 


2 x 230 Kv circuits, normal 


SCR. one switching station. 
50% series capacitor com- 
pensation ,.,,.,,,...,.,... 1.35 
2 x 230 Kv circuits, normal 
SCR. one switching station 
50% series capacitor com- 
pensation, one line section out. 1.05 
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8) — 3x 230 Kv circuits, normal 


SCR 


9) — 2x 287 Kv circuits, normal 


SSR ss 


e 1.39 


10) — 1 x 287 Kv circuits, normal 


SSR 


ee 0. 90 


From steady state considerations alone and making allowances 


for the possibility of a line 
would have been possible, tà 


a) — 2 circuits of 230 
and 50 series С 
b) — 3circuits of 230 


ection outage, the following arrangements 
give minimum requirements. 


Kv with onc intermediate switching station 
apacitor compensation. 
Kv with no series capacitor compensation, 


€) — 2 circuits of 287 Kv with onc intermediate switching station 


and no series cap 


acitor compensation. 


The second step is to examine the minimum requirements which 


would guarantee the stability 
line section caused by a seve 


of transmission following the tripout of a 
re fault. An easy way of examining these 


requirements is through power angle curves and use of the equal area 


criterion, 
Fig. | shows curves of 


of sending and receiving end 


the combined torque angle characteristics 
Ti T2 
i ( 


Hi H2 


) for the transmission 


arrangement described in (^). It is evident that with one switching 


station, any fault, no matter 
line section, causes loss of s 
66.7 miles apart, and with 


now light, which results in che tripout of a 
mchronism. With two switching stations 
507% series capacitor compensation distri- 


buted between the two stations a line section outage 15 not so critical, 


However, severe faults like a 


bora 2 % — gnd fault near the sending 


end bus would still cause instability. For such cases use of a braking 


resistor of about one per unit 
cycles. would be sufficient to 
economical than additional ir 

In fig. 2 are plotted th 


resistance, to be switched on for about 12 
maintain stability. This would prove more 
stermediate switchirg stations. 

G swing curves corresponding to the case 


under consideration, It is evident that stability can be maintained pro- 


vided that the braking resister 
about 6 cycles after the instant 
line section should be attemp 
time the system should have s 
fault should persist this line se 
resistor would be switched on 


is switched on for about 12 cycles starting 
the fault occurred. Reclosure of the open 
ted within | second or more by which 
ttled to its new steady conditions. If the 
51195 would trip out again and the braking 
for another 12 cycles and stability again 


maintained, as illustrated by swing curve B. 
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400 MW TRANSMISSION 
Plo? (FE In pu. versus anquiar displacement 
for case of 2 circuits of 230 kv with 


0% series capacitor” compensafion 
and Braking resistor R= оры 


One line section ouf 
Braking resistor in 


Normal conditions 


Jin Pu. en 400 MVA 


Ta 
Ha 


0.2 


130 150 


30 so” 7 35 "S 
ied dus angular displacement in degrees 


Fig.) 
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490 MW TRANSMISSION OVER 
2 CIRCUITS OF 230 kV WITH 50% SERIES 
CAPACITOR COMPENSATION AND 2 SWITCHING STATIONS 


Swing curves of displacement angle d versus time бо cycles 


A» Threebhase fault ef sending end cleared in 4 cycles by 
tripowt of one line section dnd followes within another 
85 7 Switching on of Braking Resistar fora period 

£ Cyclas. 
8 = Reclosore ZA line section with reestablishement of fault 
À hir Ж Cycles by /ripov^ Of fine section 

Reapolicahon Of Braking Resistor wifhinarather 
r et for period Of 12 Cycles. 

C = Opening of line section not preceded by fault and followed 
wifhin 6 cycles by swifthing on of Braking Mesrator sor 
aperios Of 12 cycles. 


Fault cleared one 


tre sechon qu? i 
B . . 1 
Braking resistor on Braking resistor out 
оге tine section out one line section out j 
i 


Ánguler dispiacemen) in degrees 


56 


12 14 
Time cycles 


Fig.2 
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| 
¡The use of the braking resistor should be limited to those cases 


where the fault is severe enough to require the braking action of the 
resistor. The possible adverse effects of having the resistor switched 
on for а very light fault can be judged from examination of the limiting 
case! which would be the switching out of a line section not being pre- 
ceded Бу a fault and followed within 6 cycles by the switching on of 
the braking resistor for 12 cycles. Curve C shows part of the swing 
which would result. The action of the braking resistor causes the angle 
to decrease to a minimum value of 36º and the subsequent swing would 
not be stable. This can be readily seen from the equal area criterion 
which gives the minimum angle for which stability may be preserved 
as about 39°. This angle is quite close to 36? and it is therefore con- 
cluded that in this particular application the relay calling for the action 
of thé braking resistor could be set for relatively light faults without 

PE de 2 à i А 
running the risk of over-braking and instability on the back swing. 

The application of series capacitors and the particular. prohlems 
involved in their protection has been covered in recent literature. We 
have in imind the series capacitor equipped for rapid reinsertion following 
а fault such as is described in reference (10). 

In fig. 3 are plotted the power angle characteristics for the tians- 
mission scheme (b). From the curves it is evident that with no switching 
stations any fault, no matter how light, causing the trip ‘out of a line 
would cause instability. With one intermediate switching station, the 
tripout of a line section caused by a light fault would not cause the two 
ends! to fall apart. However. for any fault which causes an abrupt 

Hed TI T2 
change in the electrical torque function ( ———— — 

o Hi H2 
of 0.60 ip. u.. the systems will not stay in synchronism except through 
the stabilizing action of the hraking resistor. 


- ) of. the order 


A low value of such a resistor although very effective on severe 
faults ¡would result in over braking on light faults. А value of about 
1 p. u. and a closed period of 12 cycles would appear satisfactory. Fig. 
4 shows! swing curves corresponding to conditions of this scheme. 

Curve A shows the swing caused by a 3 fault at the sending end 
followed by the switching on of the braking resistor within 6 cycles 
of thé start of the fault and for a duration of 12 Cycles, System stability 
is preserved - Reclosure of the faulted circuit at the sending end. with 
the re-establishment of the fault. causes instability inspite of the re-appli- 
cation| of the braking resistor for another period of 12 cycles. as is 
shown) by swing curve B. With this reclosure however, a full 3 4 fault 
was assumed to appear again on the sending end bus. It would be a 
simple matter to make the reclosure firts from the end of the circuit 
remote, from the plant in which case the severity of the fault would be 
grem’? reduced and stability would not be lost. 
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400 MW TRANGMIGSION 
Pior of (N. H) in pu. versus angular displocement 
For case ot 3 circuits of 230 KY wit Braking resistor R:10 
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Swing curves Of displacement angie < versus tima in Cycles 
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Curve C shows the swing resulting from a fault which would cause 
TI T2 

HI 112 

0.45 p. u. With the braking resistor applied for 12 cycles the over- 

braking is severe enough to cause instability [on the back swing. lt was 

stated that faults causing a change in this function of the order of 0.60 

p. ч. or greater would require some braking action to prevent instability. 

It is therefore evident that iu this particular application the sw itching 

on time of the resistor should be graded in accordance with the severity 

of the fault. 

The merits of the scheme of transmission described in (c) can be 
evaluated from the torque angle curves in fig. 5. With one switching 
station alone, the switching out of one line section due to no matter how 
light a fault would cause instability. With two switching stations there 
is no danger of instability due to the loss or a line section. except on 
severe faults. 

Approximately the same degree of stability could be achieved 
with one switching station and 207% or 30% series capacitor compen- 
on A braking resistor would then still be of advantage in case of 

3 % faults. 

The following are the cost data which should be approximately 
representative of the conditions in Brazil and which will be used for the 
economic evaluation of the various schemes above. 


TRANSMISSION LINE COST PER AVERAGE MILE IN $ 


) of the order of 


a change in the torque function { 


Single Circuit Line Double Circuit Line 
ACSR Conductor Size ACSR Conductor Size 
Line Ke 795 МСМ 113 МСМ 795 МСМ — 1113 МСМ 
230 $50 000 $55 000 575 000 $82 000 
277 $55 000 $61 000 ¡$82 500 $501 000 
Cosi of right of way is assumed negligible. 
Voltage Transformer cost 
$ per KVA 
230 Kv $6.00 
287 Kv $9.00 


Auto-transformers : | 
287/230 Kv $7.00 
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Cost poff Breaker Position with 
discannect switches and structure Voltage 
[i $160 000 230 Kv 
$235 000 287 Kv 
Cost of series capacitors compensation at $15 per KVA. 
Water braking resistor with Breaker for 
230 Kv $200 000 
Water braking resistor with Breaker for 
287 Kv $294 000 
Receiving End КУАК at 512 per КУАН. 
ion 
COST COMPARISON OF THE ALTERNATIVES IN 400 MW 
|| | TRANSMISSION FOR 200 MILES 
a (i) Lhi 2 x 230 Kv with 2 switching stations and 50% series ca- 
| |pacitor compensation on 2 single circuit lines of 1113 
MCM ACSR, 
¡Two single circuit lines $22,000,000 
[Circuit Breakers (12 positions) 1,920,000 
Series Capacitors ................... 1,900,000 
Sending end Transformation .......... 2,540,000 
Breaker & Braking resistor ........... 200,000 
$28,560,000 
І 
(Reactive sources required at the receiving 
епа: for correction to unity power factor 
(45 MVAR) h) NR $ 540.000 
Total 529.100.000 
i 
Cost of transmission per KW received allowing for necessary cor- 
rection to unity power factor and for sending end transformation — $77. 


a (ii) Lo 


MES : 178 es 
capacitor compensation on one double circuit line of 1113 
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One double circuit line .............. $16,500,000 
Circuit breakers (12 positions) ........ 1,920,000 
| Series Capacitors ................... 1.900.000 
| Sending end Transformation .......... 2,540,000 
: Breaker 6 Braking resistor ............ 200.000 
$23,060,000 

Reactive sources required at the receiving 
end for correction to unity power factor 540,000 
Total .......... 523.600.000 


Cost of transmission per KW received allowing for necessary cor- 
rection to unity power factor and for sending end transformation — 


$62.4. 


b (ij — 3 x 230 Kv with one switching station and 3 single cir- 


cuit lines of 795 MCM ACSR. 


3 single circuit lines $30,000,000 

Breakers (S positions) ............... 1.280.000 

: Sending end transformation .......... 2,540,000 

` ; Breaker € Braking resistor ........... 200,000 
$34,020,000 


Reactive sources required at the receiving 
end for correction to unity power factor 


MRR AEE 240,000 


Total õ (ti 534.260.000 


Cost of transmission per KW. received allowing for necessary cor- 
rection to unity power factor and for sending end transformation +- $91. 


b (ii) — 3 x 230 Kv with one switching station and one double 
circuit line and one single circuit line. 


One double circuit onc single circuit line $25.000,000 
Breakers (8 positions) .............., 1.280.000 
Sending end transformation 2.540.000 
: Breaker € Braking resistor ..........., 200,000 


$29,020,000 
Reactive sources required at receiving 
end for correction ta unity power factor 240,000 


Total. 529.260.000 
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C st of transmission and transformation per KW received allowing 
for necessary correction to unity power factor = $75.6. 


© (i) 2 x 287 Kv with two intermediate switching stations and 
|| two single circuit lines. 

iu 
T 


Two single circuit lines ........,..... $22,000,000 
Breakers (12 positionss)))) 2.820.000 
Sending end transformation 3.960.000 
Receiving end auto-transformation ..... 3,080,000 
Breaker & Braking resistor ............ 294,000 


$32,154,000 


Reactive | sources required at receiving 
end for correction to unity power factor 0 


Total .......... $32.154,000 


Cost of transinission and transformation per KW received allowing 
for necessary correction to unity power factor = $82.8. 


c (fi) — 2x 287 Kv with two intermediate switching stations 
| and one double circuit line. 


One double circuit line .............. $16.500,000 
Breakers (12 positions) .......,...... 2,820,000 
Sending end transformation 3.960,000 
` Receiving end auto-transformation ..... 3.080,000 
i Breaker & Braking resito r 294,000 
| ` 
$26.654.000 
Reactive sources required at receiving 

end for correction to unity power factor 0 

Total 926.654.000 


Cost of transmission and transformation per KW received allowing 
for necessary correction to unity power factor == $68. 


| 
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c (ii) — 2 x 287 Kv with one intermediate switching station and 
30% series capacitor compensation with two single circuit 
lines (795 MCM ACSR) 


Two single circuit lines. $22,000,000 
Breakers (8 positions). pa dm 1,880.000 
Sending end transformation — 3,960,000 
Receiving end transformation ......... 3,080,000 
Series capacitor compensation 700.000 
Breaker 6 Braking resistoeoer 294.000 
531.914.000 

Credit for lagging reactive power received 600.000 
Total .......... 531.314.000 


Cost of transmission and transformation per KW received allowing 
for necessary correction to unity power factor * $83. 


c (iv) — 2 x 287 Kv with one intermediate switching station and 
30% series capacitor compensation with one double 


circuit line (795 MCM ACSR 


One double circuit line L....,,..,.... $16,500.000 
Breakers (8 positions) ............... 1,850,000 
Sending end transformation ........... 3,960,000 
Receiving end transformation ....,.... 3,080,000 
Series capacitor compensation ......... 700,000 
Breaker € Braking resist IT“ 294,000 


$26,414.000 


Credit for lagging reactive power received 600,000 


Total .......... $25,814,000 


Cost of transmission and transformation per KW received allowing 
for necessary correction to unity power factor $68.5 


A summary of the above results is shown on the table below: 


400 MW transmission for 
200 miles 
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Transmission Scheme Cost per KW received 


Two single circuit 230 Kv. 1113 MCM ACSR 
lines with 2 switching stations and 505: series 
capacitor compensatian, ...... $77 


One double circuit 230 Kv line with 2 switching 
stations and 50** series capacitor compensation $62.4 


Three single circuit 230 Kv, 795 MCM ACSR 


lines with one switching station $91. 


One double circuit and one single circuit 230 
Kv, 795 MCM ACSR lines with one switching 
Station:: 3 $75.6 


Two single circuit 287 Kv. 795 MCM ACSR 


(or equivalent) lines with two switching stations $82:8 


One double circuit 287 Kv. 795 MCM ACSR 


(or equivalent) line with two switching stations $08 


Two single circuit 287 Kv. 795 MCM ACSR 
(or equivalent) lines with one switching station 
and 30% series capacitor compensation. $83 


One double circuit 287 Kv, 795 МСМ ACSR 
(or equivalent) line with one switching station 
and 30°; series capacitor compensation. $68.5 


For a fair comparison of costs, losses should be taken into consi- 
deration. To have the same losses the conductor cross section of the 
lines in scheme (a) were taken an about 50% greater than that of the 
lines in scheme (b). 

The losses in scheme (c) are approximately equal to those in (b) 
when considering the additional losses due to the receiving end trans- 
formation. 

The concept of surge impedance loading is very useful as a yard- 
stick for estimating the capabilities of transmission for different voltages 
based on the capabilities of a transmission system of a given voltage. 

For ready reference the Table below lists the surge impedance load- 
ings of transmission circuits of different voltage levels. 
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SURGE IMPEDANCE LOADING PER CIRCUIT 
Line Kv Single Conductor Dual Conductor 
SIL. S. J. L. 
138 47.600 
161 65 000 : 
230 132 000 165 000 
287 206 000 2 257 000 
330 E 272 000 340 000 
380 361 000 451 000 


On the basis of the example which was worked out and within the 
assumptions outlined in the beginning it could be concluded that for a 
distance of 200 miles, a fully reliable transmission system of two lines 
with 50% series capacitor compensation, two switching stations and 
braking resistor at the sending end would be good for about 150% of 
surge impedance loading. 

For the same distance a system of 3 transmission lines with one in- 
termediate switching station would be good for 100'c of surge impedance 
loading while one of two transmission lines with two switching stations 
or with one switching station and 30% series capacitor compensation 
would be good for almost 100% S.I. L. 

For larger blocks of powerto be transmitted over thís same distance 
estimates can be readily made as follows: 

Possible transmission. Scheme 
for !00¢¢ reliability 
reliability 
600 MW a) Three 230 Kv circuits with 50'7 series capa- 
citor compensation one switching station, and 
Braking resistor. 
b) Two 287 Kv circuits with two switching sta- 


Power to be trausmitted 


tions, 50% series capacitor compensation and 


Braking resistor. 

c) Three 287 Kv circuits with one switching sta- 
tion and Braking resistor. 

d) Two 230 Kv dual conductor circuits with two 
switching stations and Brakina resistor. 

e) Two 330 Kv circuits with one switch sta- 
tion 30° series capacitor compensation, and 
Braking resistor. 
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Power to be Possible Transmission Scheme for 100% 
transmitted reliahility 

800 MW a) Three 287 Kv circuits with 50% series capa- 


citor compensation. one switching station and 
Braking resistor. 

b) Two 330 Kv circuits with 504% series capa- 
citor compensation 2 switching stations and 
Braking resistor. 

c) Three 330 Kv circuits with one switching sta- 
tion and Braking resistor, 

d) Two 380 Kv dual conductor circuits with two 
switching stations and braking resistor. 

e) Two 380 Kv dual conductor circuits with one 
switching station, 30% series capacitor com- 
pensation and Braking resistor. 


The first alternative in each case is based on the case worked out 
for 400 MW transmission with two lines of 230 Kv. two switching sta- 
tions and 50%: series capacitor compensation. With three circuits for 600 
MW, one switching station would suffice for this arrangement. 

We have no very reliable means of evaluating costs for 330 Kv and 
380 Kv voltages. However. from estimates based on available literature 
we would expect the cost of a 330 Kv single conductor line to run about 
$68 000 per mile of single circuit line and about $102 000 per mile of 
double circuit line. Dual conductor lines might run in the order af 
$75 000 per mile of single circuit line. Circuit breaker costs may well he 
of the order of $300,000 per breaker position and transformation ‘costs 
in the order of $10.5 per KVA for both sending and receiving ends. 

Based on the above cost data, the following would be the costs of 
transmission and transformation per KW for the schemes above. 


600 MW (a) 575. KW for 3 single circuit 230 Kv lines 


with one switching station and 50% series 
capacitor compensation. 

$65.5/KW for one single circuit and one 
deuble circuit 230 Kv line with one switching 
station and 50 
sation. 

(b) $70. 2/M W for two single circuit 287 lines 
with twc switching stations and 50%. series 
capacitor compensation. 
$59. 5 KW for one double circuit 287 Kv 
line with two switching stations and 30%. 
series capacitor compensation, 


series capacitor compen- 
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| 
| (с) $82.4/KW for 3 single circuit 287 Kv lines 
| with one switching station. 
| $72.5/K W for one single circuit and one 
| double circuit 287 Kv lines with one switch- 
i ing station. 

! (d) $83.5/KW for two single circuit dual con- 
| ductor 330 Kv lines with two switching 
| stations. 


| 
800 MW | (a) $72/KW for three single circuit 287 KV 
| lines with one ‘switching station and 50% 
i series capacitor compensation. 
| $63/KW for one single circuit and one dou- 
| ble circuit 287 Kv line with one switching sta- 
: tion and 50° series capacitor compensation. 


(b) $665/KW for two single circuits 330 Kv 
lines with two switching stations and 50°, 
series capacitor compensation. 


А $58 KW for one double circuit 330 Kv line 
| with two switching stations and 50¢¢ series 
| capacitor compensation. 
(c) $83/KW for three single circuits 330 Kv 
lines with one switching station. 
$74.5/KW for one single circuit and опе 
double circuit 330 Kv lines with one switch- 
ing station. 


There will he some instances of remotely located Power Plants with 
moderate outputs for which the design of a double circuit transmission 
line or two single circuit transmission lines would not appear justified 
since these outputs might well be handled by one circuit and since 
experience has shown that a well built line in the 230 Kv and above 
class has a very low outage rate usually less than one per hundred miles 
per year. For such cases use of high speed reclosing together with a 
braking resistor at the sending end would materially improve the per- 
formance of the system since the qreater part of the faults are bound to 
be of a temporary nature. 

An interesting case is the transmission oí 200 MW for a distance of 
200 miles to a system which could aftord an occasional loss of such gene- 
ration. For such a case the use of a single circuit could be made with 
material reductions in cost. The alternatives would be based on having 
a circuit whose steady state limit exceeded the power to be transmitted 
by about 15%. Under the circumstances the following alternatives would 
be possible: | 

1 
| 
| 


I : 

zn | 
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a) 
b) 


c) 


Н 


One 230 Kv line with the sending end generators 
tha. normal short circuit ratio. 
One 230 Kv line with about 30% series capacitor co: 
standard SCR at the sending end generators. 
One 287 Kv line with standard SCR at the sending 


In the classical design based on preserving stability 


mpensation 


+ ! i 
end generators. 
' à y 


~ 
of 50% high 


through д dis- 


Fili 
turbance such as might be caused by a fault and trip of A line sectio ¡the 


transient stability analysis is the important factor and 
steady state stability limits which correspond to a given € 
preserving stability as explained above, are well above 
set by transient stability considerations. In the classical item. therefore. 
the gains which are obtainable from an increase in shor 

only of a secondary nature. 


a) 


for necessary correction to unity power factor += $71.3 
ing end transformation). 


b) 


А cost comparison of these alternatives gives the fo 
One single circuit 230 Kv line with 1113 MCM 
ACSR conductors ........................... 
Breakers (2 positions) qqq 
Sending end transformation n 
Extra cost of Generators for 50'« higher SCR 
Breaker & Braking resistor .........,.,.,,.,..1 


Reactive sources for correction to unity power factor 
at receiving end (40 MVAR) 
Total аы 


Cost of transmission and transformation per KW Fr 


One single circuit 230. Kv line with 1113 MCM 
ACSR conductors ......,,..........,.......1 


design based. on 
nr Mid 
the power limits 


MEI 


1 owing regu ts: 


nvariably kthe 


А 1-1 
1 re “р 
l 


n 
511.000 


— 


1000 


AO 


received alloying 


i Fi 


ps | " E 


Breakers (2 positions) ....................... d 3201000 
Sending end transformation ..................] 1,270,000 
Series capacitor compensation 8501000 
Breaker & Braking resistor ,...... ........... 2001000 
| $13,630,000 
Credit for lagging reactive power received " e 
(35 (MMAR). aereo ER eu ra na | 420,000 
Total 813.220 000 
Cost of transmission and transformation per KW received allawing 
for necessary correction to unity power factor - $70.2) [i | i 
118 
A 
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It need not be pointed out that fori this casejthe third alternative 
would prove more expensive due to higher breaker costs and higher 
transformation costs. The costs of alternatives (a) and (b) are so close 
that the simplicity of a line without compensation iwould no doubt out- 


weigh the small cost difference in favour of alternative (b). 


The effectiveness of the Braking resistor in preserving stability can 
be readily appreciated from the power angle curves on fig. 6 and the 
swing curves of fig. 7. Thess curves are for the case of one 230 Kv cir- 
cuit transmitting 200 MW and tripping out on а 3 ¢ fault followed by 
the switching on of the resistor within 6 cycles from the start of the fault. 
The circuit is reclosed after a dead time of 29 cycles and the Braking 
resistor switched off almost simultaneously after la "on" time of about 
27 cycles. For this case the water resistor was assumed large enough to 
dissipate 400 MW. : EZ 

Evidently the same type of one line transmission system could be 
used for higher blocks or power, with lines of higher voltages. 

The following would be the possibilities of transmitting larger blocks 
of power for 200 miles over one circuit; considering that 150% surge 
impedance loading is feasible as was shown for the case of one 
230 Kv circuit. DE || 


300 MW — One single conductor 287 Kv circuit. 
350 MW — One dual conductor 287 Kv circuit, 
400 MW .— One single conductor 330 Kv circuit, 
500 MW — One dual conductor 330 Kv circuit. 
650 MW — One dual conductor 380 Kv cifeuit, 


We are not in a position to estimate costs of transmission for the 
higher voltages. The costs of transmission per KW should decrease as 
larger and larger blocks of power are transmitted lover higher voltage 
circuits provided that the economy resulting from having one circuit out 
weighs the increase in cost of the terminal equipnient. For 300 MW 
transmitted over one 287 Kv line our estimate of the cost per KW trans- 


А i: А X P^ Put 1 * 
mitted including sending and receiving end transformation gives $.... 


$68.20/KW, as follows: | 


One 287 KV 1113 МСМ circuit .. .. ll... $12.200.000 
Sending end transformation 1 77 555 2.970.000 


Receiving end auto-transformation . 2.300,000 

Breakers (2 positions) "LM 370,000 

Breaker & Braking resistor ............... Mis 294,000 

Reactive sources at receiving end for correction to 

unity power factor at receiving end .... .. HON 240,000 

Extra cost of generators for 50% higher SCR |... 960,000 
Total ...... . $19,434,000 


2015 
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200 Mw TRANSMISSION 
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200 Mw TRAN&MISSION OVER ONE 230 kw CIRCUIT 
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Cost of transmission and transformation per KW received allowing 
for necessary correction to unity power factor . $68.20. 


This cost per KW is very close to that of transmitting 200 NIV 
over one 230 Kv circuit. It is therefore fairly evident that for the trans- 
mission of 400 MW over a distance of 200 miles there would be no eco- 
nomic advantage in having one 330 Kv circuit instead of two 230 Ky 
circuits especially where а double circuit 230 Kv line is used. 


Naturally with just two 230 Kv circuits with no switching stations 
and no series capacitor compensation approximately the same degree of 
reliability would be obtained as with just one 330 Kv circuit. since the 
loss of the generation would be inevitable in case one of the 230 Kv cir- 
cuits became faulted and did not stay when reclosed. When а transmission 
arrangement is made up of more than ane circuit there is naturally the 
temptation to make it reliable enough to withstand the permanent outage 
of a line section following a fault. In such a case the design criteria are 
different as previously discussed. In the case of 490 MW transmission 
over two 230 Kv circuits it was shown that such reliability could be ob- 
tained with two switching stations and 50%. series capacitor compensa- 
tion and a braking resistor, With such an arrangement and two single 
circuit lines the cost per KW was shown as $77-KW while with one 

3 double circuit line this cost was only $61: KW, 

If reliabilitv considerations allow for the possibility of losing the 
generation for those rare cases where reclosure of the faulted line is not 
successful, then the costs of the particular transmission under considera- 
tion would be reduced to 571. 3 per KW for two single circuit lines and 
$55.4/KW for one double circuit line. 

Further, in the case of two circuits there is the possibility of avoiding 
the total loss of generation upon failure of one circuit to reclose bv tripp- 
ing out half of the generation as can be seen from the following sequence 
of events: 


1) — Fault and tripout of one circuit, switching on of braking resistor. 
unsuccessful reclosure of faulted circuit, tripout of half of gene- 
ration, switching off of hraking resistor. 

2) — Fault and tripout of hoth circuits switching on of braking resistor, 
reclosure of both circuits. successful in one, unsuccessful in the 
other. tripout of half generation and switching off of braking 
resistor. 

It should be noticed that in all the cases which have been discussed 
the design included the braking resistor at the sending end. The savings 
accomplished by having such à braking resistor can be readily appreciated 
from the torque angle curves. In order to obtain the same degree of sta- 
bility by other means, the number of switching station or of parallel lines 
would have to be increased and the costs would be materially higher. 
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SUMMARY 


This paper deals with some technical and economic aspects of Trang 
mission Design with particular referenc. to conditions in Brazil. The ge 
neral phylosophy of Transmission design is discussed and the economic 


К А 1 
of alternative schemes have been worked out for the particular case d 
transmission over a distance of 200 miles. 


TA 


The use of braking resistors has for a number of years been pro 
posed as a means of increasing the stability of transmission systems. but 
has not gained much acceptance probably because there had been sch 
more to be gained through other design improvements such as high speed 
relaying and fast faultclearing. In this paper the use of shunt braking 
resistors at the sending end is considered as an effective and economical 
design feature in conjunction with the other more conventional methods 


of increasing firm transmission capacity which have heen developed prac; 
tically to their limiting values. 


Resumo 


Éste trabalho descreve alguns aspectos técnicos e económicos de 
transmissão de Energia aplicaveis а condições no Brasil. 


Os critérios gerais de projetos de Transmissão são apresentados € 
os aspectos económicos de várias alternativas são calculados para o caso 
particular de transmissão à uma distância de 200 milhas. 


| 

A aplicação de resistências para frear geradores tinha sido propostal 

já hà vários anos como meio de se aumentar а estabilidade de sistemas 

de transmissão. Esse método todavia não tem sido até o momento aplicado 

provavelmente porque havia ainda muita margem no desenvolvimento 

de outros métodos de aumentar а estabilidade tais como relés e chaves 
interruptoras de alta velocidade. 

Neste trabalho а aplicação de “resistências-freio” é considerada 

como um meio económico e efetivo de se aumentar a “capacidade firme 


de transmissão” em conjunto com es outros métodos convencionais cujas 
possibilidades se acham desenvolvic 


as praticamente ao máximo. 


RESUME 


Ce rapport décrit quelques aspects techniques et économiques con- 


cernant le transport d'énergie electrique, particulierement sous les condi- 
tions rencontrées au Brésil. 


“La conception générale des projects de transmission est exposée ici 
et le probléme particulier de transport a 320 Km a été étudié au point de 
vue économique. 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


ü ved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


L'utilisation des "résistances de freinage" a été proposée il y а déjà 
quelques années comme un moyen d'augmenter la stabilité des systèmes 
de transmission. Cette methode n'a pas été acceptée. probablement car 
il y avait encore assez de possibilités de progres dans d'autres méthodes 
plus interessantes telles que la protection ultra-rapide. 


Dans le présent rapport l application des "résistances de freinage" 
au départ est considerée comme un moyen effectif et économique. apporté 
aux autres procédés d'augmentation de capacité de transmission plus con- 
ventionnels. que l'on a déjà developes à leurs valeurs limites. 
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COMITÉ NACIONAL BRASILEIRO 


J. EVOLUÇÃO DOS SERVIÇOS DE ELETRICIDADE 


А primeira usina еїспа instalada no Brasil data de junho de 1883. 
"Viratavase de uma pequena instalacio terineletiica de 52 KW. montada 
em Campos, Estado do Rio de Janciro. 

A primeira central bihcltrka foi a da Companhia Mineia de Ele- 
wicidude, em quie de Fosa, Estado de Minas Gerais, instalada em 1880, 
са segunda termelenica. 4 de The south Brazilian Railway Co. Luk”, 
em Curitiba, Estado do Parana, no mesmo ana 

А primeira grande instalação hidrelétrica foi levada a efeito em Par- 
naiba, no Rio Tind, а 31 quilómettos da capital paulista, pela “The 
São Paulo Tramway, Light and Power Co. Lab“. Essa usina foi inau- 
gwada em 1001; sua potência cresceu rapidamente a 27.379 KW. 

No Norte do Brasil, a primetias centrais instaladas foram térmicas: 
a de Cruzciro do Sul no erc; inaugurada cin 1901, € à de Manaus e 
de Belém, inauguradas em 1905. 

O Quadro $ ilustra ben o desenvolvimento dos serviços de eletrici- 
dade no Brasil, desde 1883. 

No Gráfico nº 1. observasse claramente à curva dése desenvolvi. 
mento, de 1900 4 1952. Ese Gráfico foi traçado com os clementos cons- 
tantes do Anexo I. 
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io total estimada para o Brasi 
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VI. CONSUMO. DOMICH 


Рага o consumo domicil 
тасбех precisas de 10 sistemi 
dores domiciliares sénnente 
sistemas. 

Destarte, só será possivel 
de consumo como de númer 
temas а saber; Phe São Paul 
de Carris Luc Fòrga do Ric 
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V. CLASSIFICAÇÃO DO CONSUMO DE ENERGIA ELETRICA 


TEGORIA DE SERVIÇO 


4istentas relacionados no Anexo 3, doi obtido 


o consumo de energia. elétrica por categoria 


) no OQuadio V. 
Ot хоно V 


CAÇÃO DO CONSUMO DE ENERGIA 
NEECORIA DE SERVIÇO EM 1952 


Dados Dados ! Total 
reais estimados ' do 
Unidade 40 instalações Brasil 
sistemas restantes estimado 
D ‘ 
* LUD date 722.9 1. %% 7 nl 
* „ Wh коөм? 110.9 urin, 
„ KNVh КТТ 214.7 TN] 
O8 y RANE C Û Ol, 10 2013145 
(^ y RANG ТАП 167.4 7 .. 
EU) ur d i" 


lo industrial pora o grupo. designado "Ins 
e por ии Тай em sua. totalidade ах minis 
is. cuja producáo c predominantemente 
monis. 


LAR DE ENERGIA ELETRICA EM 1952 


fur de energia elétrica, foram obidas intor 
so Entretamnto, o múmero exato de consiuni- 
loi pessivel conegui de 19 daqueles 10 


inalisar anais detalhadamente os dados, tanto 
› de comumidores domiciliates, dos 10 sis- 
D Vramway Light and Power Co, Ltd. Cia. 
pde Janeiro, Сла, Brasileira de Energia Elé- 
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| 

trie а, € Energia. Eletrica da Bahia, Сла. Кона e Luz de Minas Gorai, 
Cia. Fórca c Lur do Paani. C Коса c Luz Nordeste do Brasil, Cia. 


Paulista de Fòrga € Lun (Cin. Energia Eletriez Riograndemce, Che Per. 
nambuco Tramway, Light aad Power, The Riograndense Light and 
Power Syndicate, Cia. Central Brasileira de Fòrga Elétrica, Cia. Sul Mne 
ricana dos Serviços Públicos, Cia. Sul Mineira de Eletricidade, Cia. Enc 
e Luz Cataguazes- Leopoldina. Empresa Sel Brasileira de Eletricidade. Cia. 
Luz € Корса Santa Catarina, Servicos de Lar e Fòrca de Aracaju e Comis 
(Ло Estadual de Energia Eletrica do Rio Grande do Sul. 


Esses 1U sistemas apresentaria emo conjunta no ano de 1952, 
NORE consumidores domiciliares ligados cujo consumo total loi ile 


i 
I. III. milhoes K Wh. 
| 
| 


O consumo médio por domicilio foi, portanto, de 908 Wh. Lm 
DEI, ése valor era de SO KWh em Û sistemas. dente as 19 para os 
quais foi powivel obter inlormacóes completas em 1452. 
| O consumo domiciliar, em. 1952, varion messes 19 sistemas de uin 
máximo de 1303 KWh а um mimo de 257 KWh O valor mais alto 
los registrado no sistema de Ihe Sao Paulo Tiamwas Light and Power 
Co. LUE e o menor no sistema da Cia Кона e Luz Nordeste do Bra 
sil (Maceio e Natal). conforme esclarece o Aneso d, com detalhe No 
sistema de Carnis, Luz e Fores do Rio de [Janeiro Ltda. esa media loi 
de 756 KWh anus por domicilio 


L. valides os dois maiores siters i Ehe São Paulo Tramways Light 
and Power Co Lad” e Cia Ganis, Lus e Finca do Rio de Janeiro) o 
consumo: medio anual par domicilio nos 17 sistemas restantes que aliás 
servem Y capitais de Estados, boi de 010. &Wh em 1952 Fin 40911 esse 
valor era. de Mb Wb pus DT sistemas, includes, rodar ia, aquéles que 
servent as citadas 9 capitais de Estados. 


A ин de asadiar o codeine: médio domicilia em todo o Brasil, 


Seria necessário estimar o na total de consamidores domiciliares 
existentes ein E Na base dos resultados dos recenseamentos gerais Já 
realizados no Brasil. parece таме admitir que o nomero total de do. 
micilios existentes no Pais em 305%, renha sido da ordem de 10.000.000, 
correspondente а uma densidade domicilia: media de tb habitantes por 
esilên ia 

А vista disso, ivaliouse em acrea de 2 2010, 000. 0 númeio de con- 
mide existentes no meme ano, correspondente а uma taxa de ele- 
trilicação domiciliar de 277% Em HH, segundo o relatório da Comis 
So da Endüstiia do Material Elégaico (CEM E), o nomero de consumi- 
dores domésticos. loi estimado em „Cie de 2 ӨӨӨ 000, sendo а taxa de 


eletrilicação também de 27 
i 
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i | 
Nessas condições, entre 1011 e 1952 houve o acréscimo estimado de 
040.000. consumidores domésticos ou sejam 17.0%, em X unos, o que pa- 
rece razoável, pois corresponde à média cumulativa anual de 5. üt, 


: NE Га 
As localidades com iluminação pública ou domiciliar a eletricidade 


passam de 3.145 em 1945, para 31792 em 1950, Houve isim o auw- 
mento de 207; em 5 anos, correspondendo à taxa média leumulativa 


anual de 5%, 0 que confirma o valor acima. 


А midia brasileira estimada de (consumo anual por domicilio au- 
mentos de 405 kWh em 1014, para O83 kWh en 1052, corresponde ndo 
ao acréscimo de HU, em Ж anos, Eve valor também se harmoniza com 
ө aumento estimado do número de consumidores, 


A T EHE CE : 1j DAT 
As emprésas do grupo da azilian Traction, Ligh and Pow Co. 


(Rio e São Paulo; € as I1 do UN Eius Elétricas | Brasileiras 


tiveram o número de consumidores aumentado de 873.457 em 1041 para 
П 10,300 em 1052, ou seja um ac rése инә de 507,2 0 consumo [domiciliar 
aumentou de 552,8 пех de KWh para 1.3904 anilhões de | kWh, cor. 
respondendo дө acréscimo de 151%, ГО consumo específico anual por 
consumidor pasou de 610 kWh рага 970 KWh, corresponde ndo ao acres. 
cimo de 596. A capacidade gerador a conjunt; teses dois grupos pasou 
f de 8935. an KW em 1010 4 1221 OLO RW cin 152, re presentando o mi 


mento de 7% 
2 aoe . | . | y 
Será interesante assinala que a [capacidade geradora de tódas as 


i 

demais empresas posou do mesmo ре odo de 110.508 kv para 750.105 

1 

RW, tendo havido o aumento de 70% | Iso рде em evidencialo fato de 
" Ё | 8 

ser a crise de energia sentida com mais intensidade nos centros supridos 


por aquelas duis maiores empresas do Pads. 


УН. UTILIZAÇÃO DA ENERGIA ELETRICA PELA 
| 

INDUSTRIA NO BRASIL | 

No Anexo 5 € apresentado o sumario Ча (ree motriz instalada nos 

estabelecimentos industriais, bem como o valor da respectiva produção, 


de toro com o resultado apresentado pelo Recenseiinento do Brasil 
em [040 e 150. 
Para а devida apreciação do grau He ele Urilicactio realizado pela in- 


беште ua potência total ¢ 


Чамаа, será interesante estabelecer correla 
eletrica utilisa na mema, а mio de obra empregada e o valor da 


produção industrial, 
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O Quadro VI foi preparado com ау intornsacdes colhidas mas publi. 
cacóes dos Recenseamentos de 1920, 1010 © 1050. 


Ov apko VI 


UTILIZAÇÃO DA ENERGIA ELETRICA PELA 
INDUSTRIA NO BRASIL 


Anos dos Censos | 
ER RS Pan " E = 
1. Populacío de Basil, habitantes T 
2. Número de estabelecimentos indusi itis 
ki › Че opeidrios empregados .... i 
t tagem da população emprega d 
na indústria - e, huc AA c as а 
^. Potência total utilizad [TOME 1.301 1. 
n. Potência total por ope — HP, | 1.441 
7 Potência elénica utiliza BE o uel 6.500 i 
B. Potência eclética per operaio — HP ! 0.53 : 
"5 Porcentagem de cletriticacáo - VS ERS 17,50 
19. Valor da producto industrial, inilliócs : 
C6!!! „ШЙ Кы ss „ ERU E 17 67% 116.767 
1 Valo d por ape, : 
viio = C SRE A ШЕТИН 22.400 | ERAI 
I2. Valor da l pa HP ; 
fetal — Cd Lus 1. E Ж 9.5300 11. 40 (3,000 


NOTA: — О valor da potência eletries utilizada йеп 71 em 1050 fol estimada. Conse 
adentemente resultaram despa estimativa os Hens 8 e 4 Todos ns ile mata 
valores foram colhidos nas publicações dos | enseamcntos ou resultaram ce 
operações feitas com datos exatos Gh ici nessas bublicações 


Do exame do quadro supra. verificase que, a despeito da inllacáo 
de preços verificada entre 1910 e 1950. honve um aumento аресте 
do rendimento do operário. Na verdade. passon cle a conta, em média, 
com mais IDC; de (Oren motriz disponivel (1,31 an 1010 pera 2,12 HP 
em 1050). Мао tase a crise de energia elétrica, que hû vários auos se 
verifica em todo o Pais, aquel média já seria bastante nitis signilicativa. 
E seria tambem mais expresiva а tuna de eletrificação. 

A evolução da potência total utilizada pot operirio e também o valor 
da produção industrial por HP disponivel nos Estados anais industria. 
lizados do Pais poder ser apreciada no Quadro VI: 
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Ovaro VII 


POTENCIA TOTAL UTILIZADA PO, 
DA PRODUÇÃO POR HI 


HP POR OPERARIO 


ESTADOS 


R OPERÁRIOS E VALOR 
DISPONÍVEL. 


hice oh i M fe deed e 
VALOR DA PRODUGAO 


crs por HP 
51 


Nad ii i ' HAD] 17.150 ^00 
brit rie Federal | i LOR 24.200 i 
Kio ( ade do sul ae 2.35 

Minas (изар cc... | ] m 

Kio de Janeiro i 5.78 


Pescado | 1.62 

Parana a 2.9% J 358, 000 
Sama Catarina К Е 8 9. Es 42,500 
BRASIL ud... | 2.12 14.908 | 1. HH) 
FONTE: Hecenaeainento Geral du Brasil em Pad e 1950. Publicação do 1. 1. C. E 
NOTA: -- O" valores da produção padusted se referer aus anos (de 1939 e 1940. 


O valor de MP por operätio un Esel 
apresentase bem mais elevado que nos de 


› do Rio de Janeiro, em 1950, 
wais Estados, devido à. influtn: 


dia da Usina Siderúrgica de Volta Redonda e das indústrias satélites 


que se estabeleceram nas imediações, 


А evolução de consumo de elenicida 
ace, em números redondos: 


1030 
1044 


1052 


O dido de 1939 6 o do Censo de TOM 
Comissão da indústria de Material Elétr 
1952 consta do ¡Anexo Y deste trabalho. 


Estimase que а ропе ett fig tot 


e pela indústria brasileira foi 


755.000.000. kWh 
1.811 000.000 kWh 
. 880.000. 000 kWh 


; % de 1941 loi estimado pela 
co (CIME; em Itt; e o de 


al instalada nao dndüstria. em 


1052, tenha sido de сева de 2.000.000 KW ou 2.720.000 HP., Мека 


condicóes а relação média entre 0 const 
elétrica instalada doi da ordem de 1.910 


uo industrial e esa potencia 
KAVA kW. Esse valor parece 


vavodvel porquanto corresponde a um litor de utilização de 21%. 


Será interesante assinalar que, em média. um HU instalado az 
dústria produziu. em 1950, 435.0900. cri ire de produtos industri 


valor que corresponde a 59.500. cruzeiros 
parte desa produção é realizada sem o 


por KW. verdade que uma 
tusítio de mäquinas motrizes 
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elétricas. Em todo o caso, ése valor permite Fazer algumas considerações. 
Partindo, pois, da premissa que um KW instalado па indústria poderi 
produzir em média cérca de 60,000 cruzeiros de bens industriais por 
ano, € admitindo um Fator de diversidade de 2,5 entre o consumidor 
industrial e а usina geradora, concluise que uim KW instalado em usina 
geradora poderi, produzir anualmente 150.000 cruzeiros em bens indus- 
trinis. O custe médio do KW, desde a usina geradora até o consumidor, 
é atualmente da ordem de 12.000 cruzeiros Verifica-se, asim, que ton 
KW instalado em usina geradora poderá produzir, em um ano, dose vezes 
e mein o seu valor em bens industriais. 


III. "TRANSPORTES URBANOS 


O número de carros motores e extensão total de linhas em 28 ci 
dades brasileiras, servidas por ferro-carris de uso público, toram obtidos 
no Anuário Estatístico do Brasil, Ano XIII — 1952. 


Com base nestas informações e adotando as mesmas percentagens 
contidas no relatório da Comissão Executiva da Indústria de Material 
Elétrico (CIME), relativamente ao ano de (914, estimouse os demais Vil 
lores, isto número total de motores, potência total dos motores € pos 
éncia média por motor. 

Nessas condições, o serviço tranviário no Brasil, ein 1950, apresentou 
as seguintes euvacterinticas: 


1) — número total de carrosamotor ...... 381 
2) — número total de motores ........ . 5.07 
3) — poténcia total dos motores ......... 282.335 HP 
4) — potência média per motor ........ : 17.8 HP 
5) — extensão das linhas .............. ADORO km 


Para o, ano de 1052 pode ser adotada a estimativas adma sem in- 
correr em grande Erro, porquanto o Serviço "ranviário no Brasil, nestes 
últimos anos, pouco se tem desenvolvido. A tendência tem sido para 
reduzir e até eliminar Esse serviço público, 

O serviço de troleibus desenvolvese rápidamente em algumas cida- 
des brasileiras. Constitui uma solução muito interessante рага o tritego 
urbano de superficie. Na verdade, o troleibus posui. uma Mexibilidade 
de movimentos muito inaior do que ns veiculos sobre trilhos, evitando 
o congestionamento da via pública, Mém disso, se comparado com ôni- 
bus propulsionades por motores de cousbustio interna, O serviço de tro: 
leibus proporcionará uma economia па importação de combustiveis, ex 
pecialmente quando a eletricidade é produzida em usinas hidrelétricas. 

A cidade de São Paulo loi a primeira à inaugurar esse servico, sendo 
éle operado pela Companhia de Pransportes Coletivos (CM VC). Atual 
mente a extensão das linhas simples é de 36.700 metros, cogitandose ele- 
var a extensão a 50.000 metros. Estão em operação 30 carros, dos quais 
20 de fabricação “Weston” com moto! eletrico de 140 HP, 6 de dabri- 
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¡cago “Pullman” com motor elétrico de 140 HP e 4 de fabric 
British United Transit Co." (BUT) com motor eléctrico de 162 


singela com 1 carros “Twin Coach", com motor Westinghouse de 
Estão em construção 3.200 metros de linha singela € em projeta ЇЙ 
metros, O número total de carros será elevado а 84. 


¡Carros programados para São P: 


unidade. 


de 1918 à 1052. 


Е i " 1 
| | 1938 1949 | 1950 | 1981 
i | 
Denda, I UA AIX n.p 11.219 1. 
Cawño de Pedra | 
Nacional ton .................. RON NUS NGLAN 1 ARO. 030.497 
Estrangeiro, өн... HILO An- 


Combustivel liquido 
Óleo Diesel, ton 
Outen, lon 


CMTC esti adquirindo mais 50 carros alemães (Verdingen) 


Em Belo Horizonte estão em luncionamento 8.000 metros d 


А cidade de Niterói já possui 15 carros Меса", fabricados na 


“com motor de 130 HP cada um, Foi iniciada a construção de |: 
“metros de via singela, 


A potencia média de cada troleibus é de FH HP. A poténd 
idos carros já em funcionamento no Pais é de 4.860 HP, eleva 
10.710 HP com o inicio de operaç 


€ 
1 


LA | 
iu ош 
idossei a 


ão do serviço em Niterói. Com as novos 
{шо e Belo Horizonte aquele total de 


elevará de miis 18.200 HP, admitindo a potência média de 140 HP; sor : 


IN. E 


EPRIFICACAO FERROVIARIA | 


O consumo de combustivel e energia elétrico pelas estradas d | 


‘do País no serviço de tração está indicado no Quadro VIII. para 


Oeanro VII 


CONSUMO DE COMBUSTIVEL 
SERVIÇO DE “FRAÇÃO FERROVIARIA, NO 
QUINQUÊNIO 1948-1952 


310.906 317208 


1.227. 0% 1.271. 1% 1.197.232 . 


21.630 
REI 


Enea clétiica, 400 KWH . .. 36.107 ! 

à p é i 

FONTE: Estatistica das Estradas de Ferro do Brasil. | ] 

: Principais dados relativos ao quingienin 1948-1952 -- Departamento Na аспа de 
| | 


Estradas de Ferro. 


E ENERGIA ELETRICA > 


| 
0500640295-2 
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A modificação do consumo de combustíveis e de energia elétrica, 
bem como а despesa total com essas fontes de energia pode scr apreciada 
no Quadro IX. 


Quabro IX 


CONSUMO DE COMBUSTIVEL E ENERGIA ELÉTRICA E 
RESPECTIVA DESPESA NO SERVIÇO DE TRAÇÃO 
FERROVIARIA, NO QUINQUENIO 1918-1952 


NÚMEROS INDICES 


1948 | 1949 1950 1951 1952 
ТЕЛНЕ ari si 100 ul nt | o3 87 
Cn estrangeio 2... ин) Wt 72 71 г а 
Gus панна ........ ни 107 No 145 | [RE 
Olea Diesel oo. — i 100 pn 12 171 179 
Ontos liquidos ....... 100 [RE 212 sun | 127 
Otros sólidos . 100 E ü 122 m 
Vnergia elétrica ........ qnt | ПЕ 121 157 7 КЫ 
Despesa total .......... 100 о 105 120 117 


E 


FONTE: Estatística das Estradas de Ferro dn Brasil — Principais «dados relativos à 
atiingtiénio 1048-1952 — Departamento Nacional de Estradas de Ferro, 


Os serviços de tração elénica vémese desenvolsendo progressivamente, 
embora em escala: aquém da que € recomendada, lace à necessidade im- 
periosa de restringir. tanto. quanto pessivel, o consumo de lenha e de 
combustiveis líquidos importados. 


O Quadro X indica a extensio das linhas eletrificadas em 1929, 1952 
e outubro de 1953, bem como a tensão de operação das Lindas de contacto 


e 0 ano inicial da cletriticação, 


| 
-RDP80-00809A000500640295-2 
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| 
1 


O consumo de eletricidade pelos serviços de tr 


ação elétrica das prin- 
cipais estradas de [erro é indicado no Quadro XI 


| 
: nos anos de 1918 а 1952, 


Quanro XI 
i 
CONSUMO DE ELETRICIDADE NO SERVIÇO [DE TRAÇÃO 

ELÉTRICA — QUINQUENIO: 1048-1052 


1.000 kWh 


| 1 

46.566 ! PORNO ШЕКП 

» ze — өөң!) 
Р : | | 


| 1948 | 1949 1950 
| 
| 


tda de Ferre Santos [инна 
Companhia faulisia de Es 
Feno .. Ey yos Mop 
strada de Pero Sor 
ade Vi 


yt s | 
A205 
6.092 + 


156,095. 
4. 
D 


anta € 


xm E | Za Н 
Estrada de Perro Corcovado | UN | 320 

Estrada de Feno Marte Velho 722 | 712 

Ем а de Ferro Campos do нне; kas 

Raab Férreo Compineiro o... | їз - 

Estada de Feno Votorantim 5.105 | КАЦІ 

E ATL HAE erede NET 278.7 503 360.107 4 MARI 5 

i | a | 

2 Р | Le 

ў i 
FONTE: — Estatistica des Estradas de Ferra ~ Dados relativos до Quinqüénio 1918-1052 | 

- Departamento Nacional ае Estradas de Ferro. | ! 

| ! 

As características das locomotivas elénicas em sei viço пау райр 


lerrovizs em outubro de 1953, estão indicadas no Quadra NU, 
| 

А E 5, RM 

juipamento de convenio de corrente | 

alternada рага corrente continua achamse discriminados no Quadro NU 

(Situacio eni outubro de 1053). 


O número e a capacidade do e 


O serviço de tração por meio de 


4 * Ur * 1 
locomotivas Diescbeétricas vem ke 
desenvolvendo apreciavelmento, 


tendo а potência total dis AT! loco 
tivas em wifego atingido 438.081 HP em outubro de 1953, 


O Quadro NIV indica o nimero eoa poténcia «ах locometis as Diesel; 
elétricas em tráfego no Pais, em outubro de 1055, 


| 
| 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
| 
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Quanro XIII 
NUMERO E CAPACIDADE DE EQUIPAMENTOS DE CONVERSAO 
DE CORRENTE ALTERNADA PARA CORRENTE CONTINUA 


RETIFICADORES | MOTORES-GE RADORES 
| Capacidade 
= Н r xu d Een Р total do 
1 Capacidade equipamento 
Quantidade © Capacidaue Quantidade individual de conversão 
| AA kW 
: 11 2.000 | - zh 
Estrada de Ferre ^ 2200 i — — 
Central do Brasil 6 KALLI | - e 73.000 
Estrada de Ferro | 
Samos- Jundiai " 2 0 | — 12.000 
| 
Companhia Pau- | Ш 1.500 
lista de Estradas ] 6 2.000 
de Гето : | 3.000 | 4 3.000 10.300 
Estada de Ferre E 
Sorecabanit 17 2000 Li 2.000 50,000 
1 250 | 
Réde Mincha de 2 500 | - 
Viação ' 7 1.500 | 12.500 
Viação Férrea Fe. | 
deral Peste Ита. ? 
sileiro ^ Li A oe ny 7500 
Rede Viação Pa 
aná Sante Cata 
ШЕ) n EMHI d — 9.000 
ГОА, | 71 E пн 185.500 
FONTE: — Dados colhidos pelos autores. 


X. ESTIMENTIVA DO CRESCIMENTO FUTURO DOS 
SERVIÇOS DE ELETRICIDADE NO BRASIL 


No Quadro | fot apresentado o desenvolvimento da indústria de 
eletricidade no Brasil, desde junho de 1883 até t de dezembro de 1952. 


Com os dados relatives A capacidade instalado toi preparado o Gri- 


fico L onde também estão indicadas as razões de crescimento por decénio. 
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FONTE: — Dados colhidos pelos autores, 


Quavro XIV 
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NUMERO E POTENCIA DAS LOCOMOTIVAS DIESELELETRICAS, 
EM OUTUBRO DE 1053 1 


ESTRADAS DE FERRO 


Estrada de Perro Central do Brasil 


TOVAE.... 


Спирина Paulista de Estradas de Perro .. 


EEN E oues 


Lest ian de Feno моге а 


VOCAL... 


Viação Férrea Federal Leste Wrasileito 


FOI AI. 


Rede Vano Moan Sante Catarina 


TY 4 ALI se hase 


Companhia Mogiana de Vstiadas de Feio 
Кече Гето do Nordeste. 
Нече Viação Cearense 


Parada Ме Pera Vitoria Minas 


10141 


Urata de Feno 1eopaldina 


ТОТАР GERAL 


Dora Preso s CURAS EDADES 


GRANDE THOU AT, 


Quantidade 


de E 
locomotivas | 


POTÊNCIA — HP 


De cada 


1.600 
1.500 
1.000 

660 


ШИ 
"an 
3 
500 


o 
nnn 
1. un 
Lot 


Total 


192.000 
IR. 00 
358.000 

3.300 


251.000 
10.000 


18.000 
25.200 


16.500 


1.501 
3.000 
1.150 
9.000 
15.701 

to 
5280 
14.000 
16 000 


36.80 
7.020 
13.000 
070 
4.900 
1.00 


1) 200 
[Ix 


127.11 
ШИШ 


138,081 
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Será interessante recapitular as vazões médias cumulativas anuai do 
acréscimo da capacidade instalada nas usinas geradoras brasileiras: 


1900 - 1910 
1910 - 1920 
1920 - 1930 
1950 . 1010 
1940 - 1950 
1950 - 1952 


amente da apreciação désses números o motivo da crie 
de energia elétrica verilicada em todo o País, sobretudo no a posguerra, 
aleancando o seu ponto mais crítico no inverno de 1 


d 
: i Em conseqiién- е Е 
cia, tiveram de ser adotidas medidas drásticas de racionamento no con- ; | 
sumo de eletricidade, que catsaram prejuízos imensos à economia e ao Edo 
progresso do Pais, sem falar no descontarto impósto às populações. | ; 
Essa crise prolongada de eletricidade, motivada sobretudo pela de- il 
Hiciéncia de capacidade ger 


adora, € desida ao atraso sotrido, por camas H 
уйгө, predominando a dificuldade de conseguir equipamento no após d É 
guerra, nos programie de obras das empresas de eleiricidade, especial- 

mente nos grandes sistens. 


| Com eleito, o Grupo Light, cujo sistema supre es dois maiores cen- | 
tros econômicos da Pais, que se formaram em tórno da Capital Federal 
e da cidade de São Paulo, havia programado (Plano Salte), para o pe В É 
riodo de 1917-1953, 0 acrescimo ste capacidade instalada de 505.000 KW, | 


No entanto, até dezembro de 1953, Ose aumento nio passari de 
241.314 KW. 


O Grupo dus Empresas Eléetricas Brasileiras havia programado: para 5 | 
o mesa período de 1017-1025, 201,000 KW de capacidade geradora adi E 
cional, tendo instalado apenas 66,036 kW. 


" | 
No conjunto brasileño à estimativa do Plano Salte previa o acrés E 
cimo de capacidade geradora instalado de 1.310.572 KW, cutre 1917 e 
1053. Entretanto, nesse periodo, o actéescimo nio ultrapasse de 


583.000 KW, + | i 
Será oportuno mencionar que ios grandes sistemas a capacidade ins rs ; : 
talada cresen em média de 25 a SU, entre H7 e 1953, % passo que |! | 


no conjunto das pequenas e médias empresas ése acréscimo alcançou 300, 


Verilicase dai que o atual "delicir de capacidade geradora para 
atender ах necessidades mais imediatas do Pais € da ordem de um milhão 
de kilowatts (1.000.000 END. 


Os programas de conpliacio da capacidade instalada em usinas ge 
radoras são apresentados no Аполо 7, para o periodo de 1955.1957. Ein 


sua maioria, tratase de obras em andamento, com grande probabilidade ` 
de serem excctttadas no período considerado, 
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No Quadro NV encontri-se o resumo desses programas de impli; 


| 
i 
| 


t 
' 


Ao. 


No Gráfico 1 foram traçadas, para o qüinqüénio de 1953-1957, as 


curvas da estimativa da 
Será feita à seguir a 
de ampliação da capacid 


Grupo Light — А Gin. de Carris, Luz e For 
tem o seguinte programa: 


a) instalação de sei 


acréscimo da capacidade instalada. 
ma referência suscint aos principais programas 
ade geradora instalada, entre 105% e 1957. 


v do Rio de Janeiro 


s geradores na Usina Subterránea de Forqacava, 


com capacidade total de 330.000 KW, dos quais 70.000 KW (2 


grupos ce 35,000 kW) toram postos eni operação em РӨ 


| e pa А А 
restantes. quatro de 65.000 KW о serão durante о primeiro e- 


mestre de 1054). 
b) contrução da 
Fontes e Forças 
KW. Inicio de 


€) Construção das 
assegurar o volt 
cacava, beim con, 


за Auxiliar de Lages, de jusante das Usinas de 
iva, com a capacidade entre 90,000 KW e 150,000 
operação previsto para 1957. 


barragens de regularizacio no Alto Paraiba para 
me d'água suficiente às usinas de Fontes e For- 
no а construção do segundo estágio de amplicião 


da Usina de Fe ntes e a Usina de Fio D'água, no Rio Paraiba, à 


jusante de Santa © 


А São Paulo Light and Power Co. Lido e companhias a 


seguinte programa de ol 


adas têm O 


pras: 


3) Contrução de hana seção subterrânea com o total de seis grupos 
geradores de 4%. 000 КУА cada, па Usina de Cubatão, estando 
| 


prevista а enti 


dos anos de 105 


la em servico de duas unidades em cada um 
b, 1056 e 1957. 


b) Construção da ¡Usina "Vérmica Piratininga e que contará inicial- 
mente com ddik grupos geradores de 800000 KW сайа uin, es- 


tando seu fun 
1954. 

ce) Obras de regul: 
nas do sistema 


Grupo das Empress Elétricas Brasileiras 


Elétricas Brasileiras ten 


onamento previsto para o segundo semestre de 


vização dos cursos d'ügua que alimentum as ust 


O Grupo das Empresas 
1 de 179,500 KW de сарат 


| ee 
programado o adicion 


cidade geradora para p quindqüéenio 1957-0957, elevando а mesma de 


266,837 em 1952 pa 
aproveitzinento hidrel 
Gerais. Ема usina ser 


46.487 em 1957. 


A obra mais importante С o 
ico de Peixoto, no Rio Grande, Estado de Minos 
interligado na extenso sistema da Cia Paulista 
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de Fòrça e Luz, no Estado de São Paulo. A potência toral disponivel 
hese aproveitamento € de cérca de 400.000 KW, sendo inicialmente ins- 
talados 2 grupos de 40.000 KW, que deverão estar instalados em 1956. 

No Esuldo de São Paulo está em linal de construção а usina terme- 
lénica de Carioba, com capacidade inicial de 30,000 KW, cuja operação 
сма prevista рага 1951. 

No Estado do Paraná a capacidade adicional previsti é de 25.000 KW 
спо Estudo) do Rio de Janeiro de 20,000 kW. 


Estado de Minas Gerais N Estudo de Minas Gerais, entre as obras 
а cargo dis Centrais Elétricas de Minas Gerais, dataset: „ Usina Hi- 
drelétrica dé Salto Grande com a poténcia total de 100,000 KW, sendo 


| ios unt 
V: DESENVOLVIMENTO 
v DA INDUSTRIA DE 
-1- ELETRICIDADE NO BRASIL 
POTECA INSTALADA 
“1900/1937 = 
70744 
COUDOEELETO/CA 
*TERMELETAICA 
VESTIMATIVA | 
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50.000 KW па primeira стара programada рага estar concluida em lins 
de 1954, e a segunda etapa com mais 50.000 KW prevista para 1957: us 
obras da Usina Hidrelétrica de Itutinga com a capacidade total de 21,000 
KW em duas etapas de 12,000 KW, sendo a primeira para Fins de 1951 
e a segunda para [ins de 1956. 


O total da capacidade geradora previsti para ser instalada. cute 
Hoe 1957 € de cerca Че 30.000 kW. 


Estado do Rio Grande do Sul No Rio Grande do Sul, is obras 
mais importantes, a cargo da Comissão Estadual! de Energia Elétrica, si 


a Usina Hidrelétrica de Canastra com 12000 KW. de potência, estando 


suit entrada em operação prevista: para tins de 1955; а Usina de Salto 
Grande do расай, já iniciada, com a potencia tinal de 110,000 KW, sendo 
instaladas inicialmente duas unidades de 22,300 KW cada tama, num total 
de 46,600 KW, cam entrada em operação prevista рии о início de 1957, 
e, linalmente, à usina termica de Candiota com a capacidade de 20.000 kW. 
O plano total de obras compreende а instalacio de 130,800 KW no pe- 
viado 1053-1057, 


Companhia Hidro Elétrica do São Francisca A Compania Hidro 
Elen ica do São Francisco, que está realizando o aproveitamento da ener 
gia hidráulica die cachoeira de Paulo Alonso, alini ; montagem dos 
dois primeires grupos de 60.000 KW, сија entrado em operação estã pre- 
viis риа o segundo semestre de 1951, Foi jû iniciada a instalação da 
coceira unidade geradora, idéntica as duas primeiras, estando previsto 
à inicio de sua operação em fins de 1955. 

А capacidade geradora total a ser instalada pela Companhia Hidro 
Elérvica do São Francisco será de 180.000 KW, no qiinquenio 19531957. 


Inúmeros оппо programas de ampliação da potencia de minas ge- 
radoras de eletricidade estão em andamento. Seria por demais extenso 
menciond-dos ши à um. 


Para o conjunto Б: лепо estimase que, no. periodo de 1053-1057, 
o acréscimo da capacidade geradora será de сла de 2.000.000 de KW’. 
praticamente dobrando o valor da existente em tins de 1053, 


Será oportuno telerh às importantes medidas que estão sendo ado- 
tadas pelo Governo da Unido, раа promover os recursos necessários а 
um complo programa de cletrilicação, em complemento do que сма it 
cargo da iniciativa privada. Com esa tHinalidade encontisatise no Con- 
greso Nacional, em билі de tramitação, dois projetos de Lei, um insti- 
tindo o “Fundo Federal de Eletrilicacio" e criando o impo único 
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sobre energia elétrica, € o outro dispondo sobre à distribuicio e aplica- 
cão das quotas dése impósto único, entre a União, Estados, Distrito 
Federal e. Municipios. 


As necesidades brasileiras em novas instalações geradora de eletri- 
cidade, no qüinqüenio 1953-1957, forum estimadas, na Mensagem Presi- 
dencial que encaminhou aquéles projetos de Lei; da seguinte forma: 


Deticit 4 ooo 1,000,000 KW 
Crescimento em 5 anos ....... 1.900.000 RAN 


pv ME 2.900.000. LW 


Lan dez anos, mantendose a taxa anual de ciescimento de lo, de- 
velo ser providas novas insta AÇÕES pum total de 


3.900.000 kW. 


Os programas de ampliação, anteriormente releridas nese capitulo, 
cn sua maior parte em andamento, prevén а instalação da capacidade 
adicional de cérca de 2.000.000 KW, no quinqüenio 1953-1957. Dessa lor- 
ma, para ser aleancada a meta de 2,900,000 RW, estimada na Mensagem 
Presidencial, será necessário que, por conta dos recursos do “Fundo Fe- 
deral de Eleniticação”, sejam instalados aida 900,000 KW aé 1957. o 
que constituirá чана dificil, mas não impossivel de set cumprida, desde 
que as dotações iniciais daquele “Fondo sejam aplicadas ent projetos 


já elaborados. 


Os recursos previstos em conmsequencia do “Fundo Federal de Eleri- 
ло", estimados em SO Dilhões de cruzeiros em 10 anos, popor iona- 
пао 4 União cores de 20 bilhões de cruzeiros e ams Estados e Municípios 
(биа de 10 bilhões de cur. 


lic: 


Ris vo 


Ган sintese, oy antares da meonogratia 
F. let ric itte no Biasi” - espoem, da maneira mais condensada possivel. 
а evolução dos servicos de eletricidade no Рай, examina à situa 
déves serviços em anos decentes, analisam a utiliracio da energia elétrica 
pelas principais classes de consumidores, риза conchuirem, o trabalho, 
apresentando os programis de ampliação da capacidade gelo das 
empresas de eleiicidade no quinquénio 1453-1057 


“Balanço dos Serviços de 


ão 


E leitos inicialmente, o histórico ee inte da indústria de cletric idade 
no Brasil, desde junho de 1883 ate 51 de desembio de 195%. Digno de 
menção especial è que a 12730 de crescimento média cumulativa anul 
da capacidade instalada deri este progressivamente de 20,577 no decenio 
1900-1010, piua . %%, nno decénio 1010-1920, 7. N. no decónio 1920-1 
4. % no decénio 1930-1040, 1,2%, no decénie 1940-1050, caindo a 2 
no biénio 195015 


Ls 
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No segundo capitul 
instalada € a produção ¢ 
riodo de 1940 a 1952. 
58,8%, a produção de et 


utilização médio geral ризои de cêra de 20%, em 1910 a 


o que põe bem à mostri 
as usinas geradoras brisi 


O terceiro capitulo 
doras das unidades da f 
segundo a origem tèrmi 
372.388 KW (1965) e das 
o total geral de [072.01 

A seguir, no capitulo 
dos serviços de enegia el 
о Fluor de carga médio 
que contirma o alto gra 
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› зло confrontadas, ano por апо, а potência 
è energia elétrica das usinas geradoras, no pe 
BE ; : 

nquanto a capacidade instalada aumentou de 


lergia скока clevouse de 192%, e o [ater de 


De em 1952. 
I H 

io, prau de esgotamento ein que se encontram 
епа». 


present а potência instalada nas usinas gert 
ederacio, no ano de 1052, discritinadamente 
e hidráulica. O total das primeiras era de 
egundas de 1.602.627 KW Bl). perlazendo 
kw. 

oso apresentadas as eiaetetísticis principais 
Gtrica no Pais, relativas а 1952 notandose que 
mual no conjunto brasileiro incon 0105,. ө 
“de esgotamento das usinas geradoiras, 


No capítulo V, encontrase o resume da chassiticação do consumo de 


energia elétrica em todo 
alvançou 7.903 milhões ¢ 
guinte modo: domicilii 


O capitulo VI analis 


1952. O muntere de cor 
em 2.2040. 000, enquant: 
Comissão da Indis ia 
2.000.000. Houve, pois, 
comino por domicílio t 
em 1952. O atalino hi 


O capitulo VIT toca 


o Brasil, no ano de 1952. Esse consume, que 


le kWh, se distribuiu percentualinente do se- 


25%, industrial 197 e outis 266, 

ı û Consumo domiciliar de energia elétrica em 
Suinidores domésticos, nesse ano, dor estimado 
in P0134, segundo а estimativa feit então pela 
€ Material Elétiico (CIME) eia de cerca de 
im aumento de 179% ein 8 anos, A media de 
levouse de 105 KWh em T9 para ORS KWh 


ah гамин, de IH nos mesmos S anos 


ica utilizacion da enegie eclética pela. indis- 


пла brasileira, aproentanda diversos «ао comparativos teletentes aos 


anos de 1920, 1910 e 107 
pasoo de 0,53% HIP em H 
clevilicagde da indústria 


No «capitulo. VIIL c 
urbanos, cuja tendencia d 
nublas comecam a surgit 
servicos de troleibus que 
das grandes cidades brasi 
lisada ¢ de origem nidi 

A Eletriticação Ferre 
mis consideracdes pelin 
gia eletrica pelos serviços 
sumo de lenha e de cara 
anos, ao passo que o de 


DN potencia. eletrico disponivel por operätie 
20i pare LST HP em 1950, e a percentagem de 
evoluiu de 17 em 1020 para 85 , ena 1050. 


apreciada а situação dos servicos tranviários 
pira desaparecer progressivamente, Рага subs 
em várias cidades brasileiras os mais modernos 
'onstituceni uma excelente solução para a maiora 
leiras especialmente quando а eletricidade ui- 
ulica. 

viha € analisida no capitulo IN. após algu- 
nares sòbre o consumo de combustivel e enci- 
dé tração. E. interessante ussinalar que o con- 
de pedra importado decresceu nesses últimos 
combustiveis líquidos remi ;anmientado: acentua- 
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ANEXo 1 
BRASIL 
o 
POTENCIA INSTALADA EM USINAS GERADORAS 
——³—Pn .. 


PERÍODO 1883-1052 
ص‎ 


| — Aw — 
ANOS 
TERMICA HIDRAULICA : TOTAL 
18633 — 52 
MBR ays ed i. 1.475 1.61 
— 19900 * |l. 5.500 12.085 
19199 137.864 159.860 
1920 279.378 357.203 
1950 630.050 738,802 
1940 1.000.346 1.214.877 
1941 .... - 1.619.015 1.261.258 
ES er uhi 1.000.646 1.307 hein 
1943 1.067 063 1.335.435 
1041 3,076,064 1.11. 207 
1945 1.07. 827 ГУН 683 
1946 1.134.245 1.414.093 
1947 1.2511 1.531.137 
1918 1.939 „tt. 1.607 397 
1049 130 N 1.735,10) 
193230 ee d. 883.007 
1951 Wins DRDS E 355.190 1.910 0146 
1955 А LUE mes 37 нк 1.075 (95 


FONTE: .— Divisão de Aguas do Ministerio da Agricultura 


4 
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ANEXO 3 


ESTATÍSTICA DA ENERGIA ELÉTRICA NO BRASIL EM 1952 


RR E C — 
| CARGA FATOR 
| CAPACIDADE MAXIMA PRODUÇAO DE ¡q_-z — 
NSTALADA HORÁRIA kWh CARGA | 
kW KWh, kW * | RESIDENCIAL | INDL 
| | ye kWh [ 
3 M Я у А ME | RET FG 
LE Cia de Carris Luz € Fórca do Rio de Janeiro ..........................- i 35342 | 348.300 2.188. C 0. ON) 69,9 203.000.000 |! 90: 
2. The São Paulo Tramway. Light aml Power Co. ........................ | 604.449 | 572. | 3.600.000.000 i 716 710.000.000 || LAL 
TOTAL DO GRUPO 1. 10˙˙1ͤ¹1—4ũ l : 058,073 $ 20.825 ; 5,738,000.000 MU 1.008.000.000 ||, 221. 
ñ | А : З 
3. . Brasileira de Energia Elétrica | 40,773 0 i 101.500.000 | 45.700.000 |: ri: 
4. . Central Brasileira de Fòrça E 702 | Зин) 7300.000 1 o 
5. . Energia Elétrica da Bahia .. 19006 | i 116,000,000 | ?NACO.000 l 11 
G. Cia. Energía Elétrica Riograndense н ! тюс, 54,7 1 ¿100.000 20 
А Cia. rm € Luz de Minas Gerais .... i ; 10, 100.000 33.1 i 000.000 17 
, - Fòrça с Luz do Paraná ........ ; 88.500.000 51.7 27,700,000 f 
9. . Fòrça € Luz Nordeste do Hasil : | 23100000 1 юл юр ата 
10. Cia Paulista de Feten e Luz | мою) | A 120.200.000 154 
11. The Pernambuco "Tramway, 22% 100.300.000 К | 17600.00 |: 33 
12. The Riograndense Light and Power Syndicate 4500 А 1 МОЮ 1 46,0 | 3.300.000 3 
a" К р — | — оаа 
TOTAL DO GRUPO E . III Pagani ei ns 2685, : 1503500 6000 i fut [ Мю , 350 
| | | | 
13. Cia. Sul Americana de Serviços Públicos |... hh 6.783 E | 16.08 1000 і 54930. 000 s a 
14. Cia. Sul Mineina de Eletricidade ...... iL aranea ЖККУ EO A 21.870 уыш обо) | 9.617.000 i. 17 
i 9 — 
TOTAL DO GRUPO C. S. XI. I. 28.013 ! | 11. 17. %%) 19 
: 
' 1 i 
15. Empiésa de Fórea e Liz MogiMüiim ... Ee eren ЛЛК Л КК ЛЛУ СЕКСУ 2.500 : Н 
Mis S. A. Central Elétrica Ria Claro . e e e e 14.00 | { 
=: : | 
TOTAL DO GRUPO 6. H. K.... wx dd Re 16.700 І | 
| | , 
17. Comiso Estadual de Energia Elta, R G.S.: i. : TEPE E 10,785 LO ы 22.648.000 15. 
Е, Centrais Elétricas de Minas Gerais IRR "T etr esed mem 20.105.000. Û 554 алс Yos 
} 
— de Is — — — — — 
35.205 22.637.000 f 50,5 22.618.000 15. 
19. Села Tramway and Power Co. Lil. . 057 7 
de Eletricidade Nova Friburgo р 2 | 3 ane i, А 5 
de Edetricidade Sul Paulista е осе Жы 1770 ] 2.19 |. n 
ntos (The City of Santos Imp. Cog iL. 11.060 | B Я 66.3 
a (ama И ce TE 5,500 | i 10.700.000 3.1 
c Luz Catagu Leopeldina : i 128,000 17.0 
e Luz Nowe Elimine ne | 1.300.580 m 25 
VCC, eism | 2 
і а 2444,53! a 
«Gual de Eletricidade 797 9 
. Mineiia de Eletricidade ... 21.952.700 20.9 
cional de Energia Eli aus | +681573 56 
Mista de Energia E n E ! 11.660,000 ^! 3.165.000 0 7 
a de Eletricidade sa Р . | НЯ Sth i y 72.118.173 04,8 | 19.19.88 |, 17.7 
phate Industriel ... Aue 13 Jas 394 { i 112 
do Eletricidade Vale Paranapanema 38.720.303 27 1.1 
ae hw ЕРШЕ ашпа 38.400 000. | BLS 35.40 
sa Luz c Fóiça Tieté S. . 2 ESA Gg | E 829.319 1.3 
#7. Emgpnéa Sul Brasileisa de Eletricidade .... Н } 50,9 7360232 1 190 
38, F. А, Emprésa Fòrça e Luz fbeiosAmeiiiana a... . i à : i 44.0 1.405.487 222 
ЗО, Serviços de Fórqa e Luz de Aracaju ........... 2 5 1.760 ; Hd 597 2.920.000 5! 
40. Cia. Matogrossense de Eletricidade 63) ooo i 3.060 i 11.740.000 nn i — р 
TOTAL DO GRUPO EMPRESAS INDEPENDENTES .... | 107046 i 520.187 56,8 195.070.875 235.2 
t H P 
TOTAL DOS 40 SIST AS informações ditetas) > | | 06,5 198.765. 104 4. 66.90 
Outros sistemas (Estimaliva) GA) U—— —— | | 40,0 410.91 5 513.04 
i — EE 1 — — — 
TOTAL DO RMS EL span ig RS i 1.743.141 61,0 2.000.683,129 3.880 04 
| : І 
+ d 


NOVAS — (1) Exclui os dades dos lotmecimentos as cidades de Pento Alegre, Pelotas e Canoas, já incluídas nos respectivos sistemas do grupo das Empiésas Elétricas Di 
€ sómente empresa fornecedora de energia clénica e The City of Santos Improvments Co. comumidora, inclusive do Sistema Light. (3) — Não foram obtidos dados com re 
incluído па estimativa dos sistemas restantes, (4) — A estimativa para outros sistemas foi feita da seguinte апапейа: Potencia Instalada — Do total de 1.975.015 КУУ do 
Aguas do Ministério da Agricultura). foi deduzido o total da capacidade instalada nos 40 sistemas, cujos valores foam tomecidos diretamente. Carga máxima hordria 
dução — Carga máxima horária Xx и" de hons anuais corespondente ao lator de caga de 30% — Conuóno — adotando a perda de 20% e as mesmas porcentagens 


outros раза o total, verificado no риро de emprósas independentes. 
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TÍSTICA DA ENERGIA ELETRICA NO BRASIL EM 1952 
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ta КЕ 
s cidades de Posto Alegre, Pelone ¢ Canvas, já incluídas nos respectivos sistemas do көро das Empresas Elênicas Biasileias. 2) — A Cia. Docas de Santos 
The City of Santos Improvments Co. consumidora, inclusive do Sistema Light, 68) — Não toram obtidos “anus! cam relação ao consumo, cujo valor encontue-se 
A esimativa para outos sistemas foi feita da seguinte mancha: Potência Instalada = Do total de 1075015 KW do Brasil (Забо fornecidos pela Divisão de 
total da capacidade instalada nos 40 sistemas, cujos valores foram fomecidos directamente. Carga máximas ihgrária — 70% da capacidade instalada. Pro- 
is correspondente ao fator de caiga de 10%, — Como — adotando a perda de 20% e из mesmas porcntagens des consumos; ievilendal, industrial e 
ndependentes . І 
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ANINO 1 


CONSUMO DE ENERGIA ELÉTRICA NO BRASIL POR CATEGORIA DE SERVICO 


EMPRESAS 


SUB-TOUMAL .. 


SUB-TOTAL 


Instalações restantes (estimativa) 


< GRANDE TOTAL. (Estimativa) 


Consumo 
Total 


` 10° x kWh 


LONE A 


1952 


NUMERO OE CONSUMIDORES 


CONSUMO POR CATEGORIA DE CONSUMIDOR Consumo 
n puc " PR і Número de Consumo Industrial 
} Traci Lâmpadas e 3 
БТ Doméstica Industrial dra Outros -> Muminação UR De Total 
Domésticos Industriais Outros Total 10% v kWh 105: kWh 10 . KWE У 10% x kWh { ü o 
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‚ ANEXO 5 


CAPITAL, FÓRCA MOTRIZ, OPERÁRIOS E 
VALOR DA PRODUÇÃO DOS ESTABELECIMENTOS, SEGUNDO RAMOS E CLASSES DE 


^ 
INDUSTRIA 
i EM 1-1-1950 XN DE 1949. ЕЕ 
АС "TRAMOS E CLASSES 3 TT TVT 
DE і Я : Férça * Operários ' Vator da | OBSERVAÇÕES 
INDUSTRIA Estabeleci- | САРА. [ Motriz Ocupados i Produção 
mentos | (65 1.00 (e. v.) (Média mensal) i> (rt 1.000) 
i ! ‘ E (n i (2) i (з 
Be ms sue e E i : = 4 
; | : 
I — INDUSTRIAS EXTRATIVAS : | ' 
trias extrativas de pr Lure 1.501 | X 1.040 
trias extrativas de produtos vegetais i. osse nes 4.918 | 30.008 
TOTAL DE INDÚSTRIAS EXTRATIVAS iii 3.519 і 121922 143.445 


11 — INDUSTRIAS DE TRANSFORMAÇÃO 


trias de transformação de 
erais) 


ws (exclusive c weniente de “serviços 
эу a terceiros”. 
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construção 
madeira (exc 
do mobiliário (inc 
do papel e pape 


Че couros e peles e 
» vestuário) 


rados nas tecela 
as de produtos al 
аз de bebidas 
lo fumo . 
editoriais c g 
5 diversas 


TOTAL DE INDUSTRIAS DE TRANSFORMAÇÃO 


IH — CONSTRUÇÃO CIVIL | 


1 03.101 


IV — SERVIÇOS INDUSTRIAIS DE UTILIDADE pr BLICA 


do Cemo In- 


0 de energia elétrica 
e distribuição de gis 
ento d'água ..... 
to d'igua e serv 
5. Servico de esgóto 


de egito 


13,449 


89.086 


2467407 


1.297.685 


EEE | 
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ANEXO 6 


CAPITAL, FORGA MOTRIZ, OPERÁRIOS, DESPESAS 
E VALOR DA PRODUÇÃO DOS ESTABELECIMENTOS, SEGUNDO AS UNIDADES DA FEDERA 


ÇÃO 


EM 1.º. 1. 1910 i ANO DE 1949 


i 


| | SALARIOS E VENCIMENTOS PAGOS ^ | LL DE VALORI UK 
UNIDADES DA FEDERAÇÃO . CAPITAL | FORÇA MOTRIZ | OPERARIOS {~~ == ————. CONSUMO ee 
ESTABELECI. : APLICADO | (c.v.) | QQCUPADOS  , TOTAL OPERARIOS 
D i (Cr$ 1.000) i (1) | (мена Mensal) i à k _ ^: i _ 
| | i ae, 
| | ; CRS 1.000 
H B 


3.256 
2.260 


3377 


7753498677 
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NORDESTE 
Maranhão .. 
Piaui 
Ceará cece cece ee 
Rio Grande do Norte . 
Paraiba ...... 
Pernambuco E В 
A оа ааа Ана 1.203 
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Santo 
de Janeiro . 
Distrito. Federal 


Santa Catarina . 
Rio Grande do Sul 


CENTRO-OESTE 
Mato Grosso 
Goiás 


BRASIL 


51.574.540 : 2.407.017 


15.499.152 — 124001958 — | 6L102006 116. 17.274 


i 1 


— E S A a NOE SON. 


OBSERVAÇÕES: — (1) Exclusive 2 potência dos 
(2) Calculada de acórdo com a « ração do trabalho efeti 

- (8) Consumo de matérias-primas, material de embalagem, 

(4) Inclusive receita de “serviços industriais prestados a terce 

Incluídos nos totais do BRASIL os dados ce 


orrespondentes à regido da Serra dos Aimorés, território em litigio entre os Estados de Minas Gerais e Espírito Santo. 
“Sinopse Preliminar do Censo Industrial” — Recenseamento Geral do Brasil, 


50 (Publicação do IBGE). 


e produção de energia eletrica. 
abelecime 


adquirida, 
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ANEXO 7 А _ 
BRASIL. 
PROGRAMA DE AMPLIAÇÃO DA CAPACIDADE GERADORA INSTALADA EM USINAS GERADORAS су 
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10.000 
SUB-TOTAL PROGRAMADO 


224000 194827 


aliva dos Sistemas Restantes 


20.000 


$04) 50.000 
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103.295 


TOTAL DO BRASIL 


264.000 141.505 


: 1822520 3.100.138 
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200.060 827.817 


Approved For 


ess 


27 


lamente. O consumo de energia elé 
também apresenta aumento apreciável (48%, de 1918 1055 Em de- 
zembro de 1952 a extensão das linhas eletriticadas ега de 1.540 km contra 
o total de 37.019 km da rêde ferroviária existente então no Риз, repre- 
sentando a primeira 3,6%, desse último total. Em oumbro de 1953, 
potência total anihor das locomotivas elétricas сга de 538.639 HP e 
das locomotivas Diesel-elétricis. de 438,081 HP, perfazendo o total pré 
ximo de um milhão de HP, 


rica ne serviço de tração ferroviária 


No capitulo final € apresentada а estimativa do crescimento da c: 
pacidade geradora no País, durante o qüinqüenio de 195: 
de programas de ampliação ji conhecidos. Em sua m Oria, tais pro- 
gramas ја estão em andamento, havendo grande probabilidade de pode- 
rem ser concluidos no decorrer do periodo considerado. 


О апо de 105) será purticularmente expressivo pa o País, por- 
quanto deverão entrar em serviço cérea de 735 000 KW de capacidade 
geradora adicional, representando aproximadamente 35%, sobre à capa- 
cidade total instalada em 1933, 


Se os progranus previstos puderem ser totalmente executados, o 
Brasil «рога, em lins de 1957, de cèrca de 4.000.000 KW de capacidade 
gerador instalada, que corresponde praticamente ao «орго da existente 
em dezembro de 1952, 


Finalmente, é leita uma apreciação rápida sobre аз importantes 
medidas que estão sendo adotadas pelo Gosérno da União, que objetivam 
promover os recurso» neck ie а iin amplo programa de eletrificação, 
complementando ¢ entrosandose intimamente com o que esti a cargo 
das empresas privadas e dus entidades públicas ou semipúblicas já exis 
tentes, a tim de сопјшаг a grave crise de energía elétrico existente no 
Pais, mediante а consiução ou а ampliação de centrais geradoras e a 
instalação de grandes ides de transiniwsáo para suprimento e interligação 
dos sistemas, 


SUMMARY 


Ihe authors of the paper > “SURVEY OF EHE ELECTRIC SER- 
VICES IN BRAZIL present, in a most condensed form, the develop. 
ment of electric services in the counts, examine the position of. such 
services during recent years; analyse the use of electric power by princi- 
pal classes af power customers; and com lude by describing the expansion 


program of the el r generating industry during the five-year 
period 105% to 19 


trie powi 


Initially, the authors make a short revue of the development ot the 
electric industry since June 1883 to. December 21, 1052 


It is of special 
interest to mention. that the average annual camulalivo rate ob growth 
of installed capacity decreased progressively йош an average ol 29.5% 
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during the ten-year period 1000-1910 to 8.40 during the ten-year period 
1910-1920. During the ten-year period 1920-1930, it decreased. further 10 
7.8%; to 4,9%, during the ten-year period 1030-1940; to 4.96; during 
the ten-year period 1940-1050; finally, falling to 

year period 1950-1952, 


"e during the two- 


In the second chapter it table presents, year by year, during the period | i 
1940-1952, the installed capacity and the electric power production, as | 
well as the annual percentage growth and the average capacity factor. | 
It will be noted that while the installed. capacity increased bv 58.8% 
during the twelve-year period, power production grew by 192% and the 
average utilisation factor rose from 29%, in 1940 to 5% in 1052. This 
indicates, in a very clear way, the state of saturation of the Brazilian 
electric. power generating plants. 


In the third chapter, a table sets forth the generating capacity, se- 
gregated by thermal and hydroelectric power plants, at the end of 1952, inr 
for the whole country, The installed capacity was then $72,388 KW (198) | 
in thermal power plants, and 1,602,627 KW (81%) in hydroelectric power ; 
plants, making together a total installed. capacity of 1,075,015 KW. 


In the fourth chapter, the highlights of the electric power industry : 
in tne country iie reviewed for the year 1952. ft will be noted that the | 
average annual load factor for the whole industry, during that year, was 
8105, which contirms the high degree ol saturation ol the power generat: i 
ing plants. | 


In the fifth chapter, a table indicates. the electric power consumed 
by the major categories of electric power customers during 1952, The 
total electric power consumed was 7,908 million MWh in that vear, dis 
tributed approximately as follows: domestic power uses 25%, industrial 
power 49%, and other power 26%. 


In the sixth chapter an analysis of the domestic electric power con- | 
sumption is made for the year 1052. ‘Phe number of domestic customers j | 
in that year was estimated at 2,010,000. In 1914, this figure was appro- i | 
sinndely 2,000,000, according to an estimate made at that time by thc ! 

Commission dor the. Electrical Equipment Industry (CIME). Therelore, 
the increase was 47", in А years. The average annual consumption per i 
home increased from 405 KWh in ISLE to 683 in 1952. This is the i 
equivalent to an increase of HH, during the eightsear period, | 


The seventh chapter deals with the изе of electric power by Brazilian 
industry. A condensed. table is presented. which compares. the several 
data for the years 1920, 1040 and 1950. The electric power available for 
each industrial worker increased hom D. HIP in 1920 to 1.87 HP in 
1950, The electrification rate of Brazilian. industiy increased trom 47.5% 
in 1020 to 85%, in 1050. 


1 
i 
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The eigih chapter deals with the situation ol street car services, “The. 
implication is that these services will disappear progressively: To replace 
them, modern trolley-bus services are being provided in several Brazilian 
cities. i! | : : 

The wolley-bus represents an excellent solution for the majority of, 
the larger Brazi ian: cities, especially in those cases where electricity, pro- 
duced in hydroelectric generating plants, is available. 


Railroad eléctritication is studied in Chapter IX, following some: 
preliminary remarks regarding the consumption of fuel and electricity 
by railroad traction services. It is of interest to mention that the consump»: 
tion of firewood ind imported coal has decreased in the Там tew years, 
but the importation of petroleum products has increased substantially. 
Electric power consumption by railroad traction has increased consider-i 
ably (38%, from [1948 to 1952). In December 1952, 1349 km of railroad 
tracks were electrified, or 3.6%, ol the total of 37,019 km of railroad 
tracks existing in Brazil at ihat time. In October 1953, the electric Tocos; 
motives in service: could develop an aggregate. of 39 HP. In the: 
sane month, Diesel. electric locomotives could dev lop an aggregate of 

total of close on one million HP, 


438.081 HP, making 


In the Fast chapter, an estimate is made of the increase in installed | 
generating capace in the country, during the liveyear period 1053 (o; 
1957, by considering the development programs which are known. The 
majority of these programs are under construction, which makes it very | 
probable that they. will be completed during the period of time under 
considération. 


lo i 

The sear 19% will be particulas important for the counmay, since 
icu. : | Я cor EA $ Я 

it is expected that approsünately 735,000 KW of additional generating | 


capacity will go [to service. bis represents approximately 35% ob the | 


53, 


total installed capacity at the end ob H 


Hall the у jected expansion programs. aie completed entirely by 
the end of WoT Brazil will eve an installed generating capacity of 
approximately 1,000,000. KW, which is in round tigures double the ins 
led peneradngfeapacity atthe end of 152. 


The paper qonecludes with a bricl report on the important steps 
which ue being taken by the Federal Government to provide the necessary 
Financial vesamees: for an ample public electritication program, to com- 
plement the one for which private power companies and the already 
existing public or scii public organizations arc responsible, The purpose 
isto relieve the very serious power shortage which exists in the country, 
by promoting the construction of new. generating plants or expanding 
the existing ones! and to cowna high voltage uansmision lines for 
power supply or Гог interconnecting electric systems. 
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CONFERÉNCIA MUNDIAL DA ENERGIA N 
WORLD POWER CONFERENCE Assunto 1. 


REUNIÃO PARCIAL E 
SECTIONAL MEETING | OLIVEIRA (А. B. ас) 
Rio de Janeiro 1954 | Brasil 
i | 


| 


CONSUMO DE ENERGIA NO BRASIL 
| ¦. 1939-1952 


| 


Por: AMERICO BARBOSA DE OLIVEIRA 
Eng. Civil — Economista do Banca Nacional do Desenvolvimento £cenamica ~ Chele do Dep. de 
| phaciemento de Companhia Brasileira ac Engenharia 
i 


a | 
COMITE DOS AE BRASILEIRO 


1 i 
Ganha terreno} entre nós a idéia de ser indispensável uma progra- 
mação para que o desenvolvimento económico se produza em ritmo mais 
acelerado. Tul aceleração pode ser obtida mediante uma politica de in- 
versões que considére os pontós de estrangulamento existentes, como o 


| 
da capacidade рага! ¡importar e o da escassez de capital. 


Criou-se em anos recentes — mercê dos trabalhos da Comissão 
Económica pará a América Latina — uma técnica de projeções, através 
da qual se coriségue formar | uma idéia integrada do desenvolvimento 
provável dos setores agricola. industrial, comercial. dos transportes e dos 
serviços. bascada па análise da produção e do suprimento no âmbito 
dos bens de consumo, dos bens de capital e dos serviços, abrangendo 


| 
não só os produtos finais, mas também todos os bens intermédios. 


Ora, entre les tes ültimos figura à energia, cujo suprimento se obtém, 
em parte através da importação. e em parte pela produção nacional ori- 
ginada em vários setores de atividade económica e que tanto se destina 
àqueles setores | produtivos a fim de ser utilizada sob a forma de fórqa 
motriz, ou de calor ou luz. como se destina diretamente ao consumo do- 
méstico ou ao transporte privado. 


Para prever tal demanda! futura de energia e o abastecimento de 
qualquer pais em recursos energéticos, impõe-se como medida preliminar 
o levantamento detalhado da jutiliz ação de energia no periodo passado, 
à fim de permitir analise d: ав! mudanças ocorridas quanto às fontes da 


energia e aos diferentes setores consumidores. 
i 
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Esta Monografia limita-se à apresentação de um levantamento. do 
consumo de energia no Brasil, referente aos últimos 14 anos, e de alguns 
comentarios sôbre os resultados apurados; não se vão incluir aqui dados 
sôbre os setores da economia a que se destina a energia, nem serão abor- 
dadas questões relativas à técnica para previsão da demanda de energia. 

O levantamento abrange pràticamente tódas as fontes de energia 
como convém, dada a intensa substituibilidade de uma por outra. Ficaram 
excluidas désse levantamento, apenas a energia animal, a humana e a 
hidráulica, quando não transformada em elétrica. 

O ponto escolhido para a medida da energia foi o lado do consu- 
midor. Por outras palavras, a quantidade de energia expressa em nossos 
quadros e gráficos é a que chega às mãos do consumidor para utilização. 
Caso a medida fósse realizada do lado do produtor da energia, chegaria- 
mos a valores mais elevados. pois estariam incluídas tôdas as perdas no 
processo de geração e nas operações até sua entrega ao consumidor. 

Um balanço désse gênero apresenta vários pontos discutiveis dada a 
heterogencidade das fontes e das formas de energia, bem como da uti- 
lização diversificada que se faz da mesma. A maneira escolhida para 
homogeneizar os diversos tipos de energia foi a sua redução a kWh. 

Esse critério, como qualquer outro, apresenta nitidas limitações e 
quando somamos kWh utilizados na indústria do aluminio com os kWh 
absorvidos pelo transporte ferroviário ou aéreo, com os kWh que poderiam 
gerar a lenha consumida nos fogões dos lares de milhões de pessoas, não 
o fazemos de consciência inteiramente trangúila. Consola-nos, entre- 
tanto. o fato de que a adoção de coeficientes calóricos para a homogenei- 
zação nos conduziria a idênticas imperfeições. Por exemplo: a soma do 
total de “Btu” do óleo diesel com o do carvão no transporte ferroviário 
ignora que | “Btu” do primeiro equivale a 7 "Btu" do segundo. 

Em balanço como ésse, hà inevitáveis simplificações a introduzir, 
Para todos os combustiveis admitiu-se uma taxa de eficiencia de 20%, 
ao reduzir о seu poder calorífica a KWh G). salvo para a lenha onde 
se adotou 5*« como rendimento médio. Na energia hidroelétrica as cifras 
representam os kWh vendidos aos consumidores. 

O critério adotado visou reduzir a energia consumida a um equiva- 
lente de fárca motriz, embora saibamos que parte dos combustiveis não 
se destina à utilização mecânica ou elétrica, pois é consumida sob a forma 
de calor. seja na indústria (siderurgia. por exemplo). seja nos lares. 
Essa parte utilizada como fonte de calor apresenta naturalmente um coe- 
ficiente de rendimento maior do que 20% (entre 50% e 70%): em com- 
pensaqáo, outras utilizações como a em transportes oferecem rendimentos 
médios inferiores àquele limite: 5', para as locomotivas a carvão, 2/0 
para as que queimam lenha, 18 para automóveis. 


(1) Critério adotado em “Energy Ressourcer of the World”, Department of State, 
U.S. A. — Washington, 1949. 
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No quadro 1 figuram os resultados do nosso levantamento em mi- 
lhões de kWh, para cada tipo de combustivel e também para a energia 
hidroelétrica. No quadro 2 se apresentam os indices de variação de cada 
tipo de energia. 


О consumo total evolui de 18 bilhdes de kWh em 1939, para 35 
bilhões em 1952, tendo permanecido praticamente estacionário du- 
rante а guerra, quando o carvão nacional e a lenha foram chamados а 
substituir os combustiveis importados. 

De fato, observa-se o consumo de lenha subir do indice 100 em 1939 
a 120 em 1944, para então iniciar sua queda progressiva até o indice 89 
em 1952; os combustíveis liquidos baixam a 94 em 1942. enquanto a ga- 
solina comum baixa ao indice 55 em 1943, para alcançarem em 1952 à 
463 e 549. respectivamente. 

O gráfico І oferece-nos uma visão da composição percentual do 
nosso consumo de energia, pelo qual se percebe à expansão do setor com- 
bustiveis liquidos de 17°, em 1939 para 41'« em 1952 — em detrimento 
dos combustiveis sólidos, cuja participação caiu de 71°; para 30% no 
mesmo periodo. 

E interessante observar os efeitos da redução verificada no abaste- 
cimento de combustiveis liquidos durante a guerra; sua participação re- 
duz-se a 15% em 1944 justamente quando a lenha atinge importància 
máxima: 32% do total da energia, iniciando então seu declinio até 18% 
em 1952. 

Digno de nota é que o setor da energia hidroclétrica, depois de 
crescer continuamente, tenha registrado um máximo em 1949 com 20,5". 
do total, reduzindo sua participação para 19.3% e 18.8"; em 1951 e 1952 
respectivamente. 

Não é de excluir-se, entretanto. a possibilidade de recuperação ha- 
seada em novos aproveitamentos hidráulicos а se inaugurarem nos anos 
seguintes. 

Para a análise da evolução do consumo de energia no periodo em 
questão, impõe-se um confronto com as atividades produtoras do pais 
jà que grande parte da energia é utilizada em produzir e transformar 
mercadorias, bem como em transportar. alimentos, matérias-primas. pro- 
dutos acabados « também as crescentes massas demográficas absorvidas 
em atividades urbanas. 


Uma solução simples — embora de valor limitado — é determinar o 
consumo de energia por unidade de produção real (*), tal como se pro- 
cede na determinação de coeficientes fisicos. 


(ti A produção real è expressa por um indie ponderado do volume fisica da pro- 
dugáo em cada setor dir atividade económica 
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Observa-s2 em paises já desenvolvidos que o consumo de combus- 
tivel por unidade de produto tende a baixar! dada a eficiência cada vez 
maior obtida da mesma unidade de energia (!). 


Entre nós é compreensivel que o fenômeno não se verifique na mes- 
ma extensão, porque a parte de energia que vai sendo liberada pela 
melhoria do rendimento, vai sendo absorvida nos setores novos em que 
o trabalho mecanizado vai penetrando tardiamente. 


Nosso gráfico П apresenta os indices de consumo de energia, os 
indices da produção real (elaborado pelo Banco Nacional do Desenvol- 
vimento Econômico) e os da variação do consumo de energia por unidade 
de produção real. 


Observa-se que em todo o periodo anterior a 1949 o consumo por 
unidade de produção real manteve-se inferiorlao nivel de 1939. De 1949 
para 1950 e 1951 ocorreu um aumento do indice de 100 para 103 e 101, 
respectivamente, o que pode ser explicado como consequência da intensi- 
ficação do ritmo de equipamento do pais no imediato após guerra e tam- 
bém causado pelo aumento do consumo de gasolina. decorrente da ele- 
vação dos gastos de consumo. | 


Com efeito. nossos gastos de consumo receberam sensivel impulso 
imediatamente após o aumento dos preços de exportação dos produtos 
brasileiros iniciado em fins de 1949: e como justamente a gasolina — 
produto de largo consumo direto pela população — saltou do indice 3!2 
em 1949 para o indice 549 em 1952, tem base à suposição de aumento 
consideravel no consumo daquele carburante por parie dos automóveis 
particulares. 


Se analisarmos à variação do consumo Че energia por unidade de 
produção industrial. ao invés de, por unidade de produção global, encon- 
traremos uma queda acentuada (indice 72 em 1952). É que ali o au- 
mento de eficiência produtiva se processa com maior mtensidade. 


Se olharmos a variação do consumo de energia per capita verifica- 
remos incremento de 42% sóbreo nivel de 1939. Ноје estamos utilizando 
648 kWh per capita, contra 457 em 1939 (=)! 


A rápida substituição dos combustiveis sólidos pelos liquidos e pela 
hidroeletricidade observada no periodo é explicável, tanto pelo maivr 
rendimento físico. comn pelo económico. de vez que o progresso tecnoló- 
gico tem permitido. além de menores perdas па utilização. uma baixa dos 


s E | i 
(I Nos Estados Unidos, entre HON + 1940 o consumo de energia por unidade di 
produção nacional Banou de 100 para 71, como reflexo do aumento de ren- 


dimento rm trabalho aol do equipamiento. Со J. Barnett, CE ergy Uses 
and Supplies. Barcas of Minas, II. S. Department of che Interior, 1950) 
(2% Nos Estados Unidos o consumo per capita de energia aumentou 56 Cl entre 


1939 ¢ 1047, 
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preços relativos des produtos perroliferos e tambem: da energia eleta 
esta, alias, recebe ainda outros forores. como tamento pr 
quanto а câmbio para transferencia de lucros e compra de eqmpamento. 
além de favores de ordem adressistransa e fiscal 


Enquanto o preço do carvão nacional айал а eii 1951 indie de 325 
cocstrangeiro 306 (contra 100 eim 1939) 0preço doc sel liquide 
atinge apenas 164 e о da energia eletrica 172 . A Jesha ros oferece 
a evolução mass desfavorável entre todas as fontes iie energia Sua pro- 
d.. z. não se beneficiando com progressos tecnicos e estando sujeita n 
transportes. cada vez mais longos sofreu o maior impacto da alia geral 


de nivel de preços. O indice de preço atinge 425 cem 195] 


li e a qual- 
dade dà lenha devera ser seguramente pior agora dio que em 1939, 
1 


Seria possivel, e mesmo descjavel, uma mudanga nesse processo de 
eliminação da lenha dentre nossas fontes de energia. Ulm pais com regi- 
mes pluviométricos altamente favoráveis ал formações florestais e dotado 
de abundantes terras e condições de temperatura мачуси» сах de criar ra- 
palamente novas fontes de energia lenhosa ao pe de cada mercado con- 
sumidur, não tem por que desprezar èsse processo elementar се fivação 
de energia solar. © sucesso dessa politica etana na exploração com um 
nivel tecnológico adequado da Horesta artificial eii substituição à m- 
net. c dos cerrados e das capoeiras nativas cada sez mare pobres c 
distantes. 


х ligeros comentarios apresentados nos parayrafos acima permitem 
entrever a variedade de problemas que podem ser analisados com um 
levantamento do tipo que apresentamos. 


Vê-se tambem que um levantamento déste Gpo e а primeira etapi 
pare uma previsáo da demanda global de meram 


Resumo 


É apresentado nesta Monografia um levantamento do consumo de 
enerqua de todas as formas e de todas 4s fontes. Todos os tipos de energia 
foram reduzidos а um equivalente em kWh. ¢ o ponto de medida e junto 
ло consumidor, o que significa não estarem incluidas nas cifras apresen- 
tadas as perdas no processo de geração (transmisso ¢ distribuição. 
Trata-se pois de um agregado gue corresponderia ao consumo. final de 
energia ou melhor. à utihzaçio da energia sob a forma elétrica e não ao 
consumo bruto inicial para produção da eletricidade. 

O levantamento cobre o periodo de 190 4 1952 que mehu os anos 
de querra. com suas perturbações sabre o abastecimento do pais em com- 
bustiveis estrangeiros (quadros I e 2 e gráfico L). 


ii Esses indices teferenise ons preços medios pagos pelas PI principes {га 
do рах 
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The consuepron of energy per umt of reat output pr noticed to he 
very stable although the consumption per Capa hae grown bv 42% 
during the peris. In addition, an intense substitution of solid by liquid 
fuely and the moderate increase of hvdro-electrn energy as observed 
The greater teal income and the price movements of che different sources 
of energy explaiz this phenomenon 


A Ie 


ORIGEM DOS DADOS ESTATISTICOS 
1 METODOS ADOTADOS 


M COMBUSTIVELS LIQUIDOS 


Ах series do cuadio A sae de Conselho Nacional do Petrolea 
(CNP compreendem os combustis eis importados e produzidos no Pais, 
Essa estatistica. quanto à parte importada. e mars completa que os dados 
do comercio exterior divulgados pelo Serviço de Estatistica Econômica 
e Einanceira do Ministerio da Fazerda (SEEF, A discrepáncia provem 
das bases de apuração. enquanto o SEEF utiliza apenas as faturas con- 

é sulares. o CNP acrescenta o consumo de combustivers liquidos importa- 
dos sem exigência daquelas faturas famportações gor ernamentas). Ex- 
cluem-se do calculo os itens de petróleo bruto, de gas de refinaria e дах 
natural; o que dada a sua insignificância — идө afeta Praticamente os 
resultados A produção nacional de dern ados de petroleo consta das se- 
ries de consumo apresentadas; vê-se portanto que a parcela do petróleo 
bruto utilizado pelas refinarias do Pais aparece nos cómputos dos des- 
tlados. (O emprego direto de petróleo em brute como combustivel & 
parcela msignificante ). 


COMBUSTIVEIS SOLIDOS 


Carváo nacional: Adantiu-se que o consumo e igual à produção. Ах 
Séries básicas provém do Serviço de Estatistica de Produção (SEP). 
Ministério da Agricultura, do “Consorcio de Administração das Empre- 
sas de Mineração” (CADEM) e dos relatórios da “Companhia Si- 
derürgica Nacional”. Computa-se como consumo apenas o “carvão 
vendável", isto ¢. produção bruta na bóca da mina menos perdas durante 
o processo de beneficiamento. Os coeficientes de perda para o carvão 
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de informa joes do С.А. 


DEM. Para or deman Estados produtores de carvão arbitrau-se uma 


perda media de 30%. A conversão dus séries 


s dec 


nsumo de carvão, de 


toneladas para kWh. tese em conta as diferentas de caloria do carvão 


К | 
de Santa Catarina (6 OO) cal t) eo do Rio Grar 
como «e sé no quadro B. 


QUADRO E 


de do Sul (53000 сар t). 


} ' 
Balanço Energet.zo ds Drawl, Tasas de Conversão Utilgazas 


& - COMMBUSTIVEIS LIQUIDES 


| 
Noe | 
| 


—— — 


| | pe 


. Mie fe a a v 
Dcr. asche eee 
a em En аш a 


Cacing бе E. t Toreinta 9.2 
м i 7.5 
ng Comum ie 40,6 
ZA cie”. Ў 2,6 
b. 55 
teo Diesel 13,6 
9,9 
Cee Сотоне Tonta | 10,6 
H мы etus 16,5 
«col осоп E SOM ima Толе osa à E 
Mires 44 
Cros oo, dermodn do petro«eo Тсс | 10.6 
мл : 9.7 
1 ; 
i j i 
% COMBUSTIVEIS SOLIDOS |] | 
| Carvão Minerol Notional i 
E Н.о Gronde бо Sul y Tertlado i 2.0 i 
Senta Caterina Tee da i 6,0 
cord Mineral importado 'oneloda : 9.0 
' Lemna ! Tonesda 40 
m? | 4 ' 
i Corwĝo vegetol Toneloda i 7.5 : 
i begaco de Сапа ' foneloda i 2,0 
| | i 
1 ! { 
| € + ENERGIA ELÉTRICA MEETS ! 
i i 
à } 
res 2 SESS Loy ives, AS E EA 
МОТА - Parte dénsex coeficientes provem de c Energy Ressources of the World", 


Washington 12046 For admitido um coeficien 
utilização da lenta. de 100% para energia ele 
para os demas com ри уса colidos € hauts 


Carvão importado: Inclui o carvão, а ред 
coque importado, conforme dados do SEEF. 


de eficiência de 5%: рага a 
ca dados de consumo) € 20% 
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Lenta: Admuu-se que o consumo c igual à produção Para 19 
1946 à 1949 dipunha-se da estate tic de produção nacional do S 
Pera ох outros anos a produção fo: estimada. tendo em conta à estatistica 
da produção de Minas Geras — o maior produtor de lenha no Pais. 
Dispunha-se de uma série para Minas de 1939 a 1950; os dois ultimos 


anos foram estimados com base no consumo de lenha pelas ferrovias. 


Carvão vegetal: As séries básicas. disponiveis são idénticas às de 
lenha. inclusive o critério adotado para interpolar o consumo nos anos 
1939. 1940 e de 1942 a 1945; para 1951 e 1952 à estimativa de consumo 
calculou-se nas variações observada» no consumo de carvão vegetal pela 
indústria siderúrgica. 


Bayayo de cana: Dados do Instituto do Açúcar e do Alcool. com- 
preerde apenas о bagaço queimado nas usinas de açucar. deixando de 
lado a parte dos engenhos. Arbitrido um coeficiente de 25% da tone- 
{адет de cana de açúcar como bagaco e um poder calorifico de 2 000 
kcal por tonelada. 


ENERGIA ELÉTRICA. 


As séries de produção e consumo para as empresas principais. são 
extraidas da revista "Aguas e Energia Eletrica” do Conselho Nacional 
de Aquas e Energia Eletrica. Para as emprésas do Grupo "Brazilian 
Traction" e "Bond & Share” são conhecidos dados de produção e con- 
sumo em todo o periodo 1939-1952. Para a discriminação da energia 
de origem hidráulica e térmica, e para o consumo de enerasa elétrica for- 
necido pelas empresas nacionais necessitou-se utilizar uma série de su- 
posições a seguir enumeradas. O único levantamento completo da 

. industria de eletricidade data de 1941 (Boletim n.º 2, da Divisão de 
Aguas) e abrange 1598 emprésas. Com base nesse levantamento foi pos- 
sivel conhecer o coeficiente de vulização da capacidade instalada. Assim. 
relacionando à energia entregue ао concumo com à capacidade de pro- 
dução das usinas. encontramos os seguintes coeficientes: 24452 para 
todas as 1598 empresas, 26.70“ para as empresas do grupo "Brazilian 
Traction“. 34,02% para as empresas da “Bond € Share” e finalmente 
17,82% рага as outras emprêsas. Aceitou-se. 17,82% para representar 
em 1941 o grau de utilização des usinas pertencentes à emprésas nacio- 
nais e ainda para tôdas as de origem térmica. em sua matoria unidades 
pequenas. Para os demais anos arbitrou-se uma variação crescente no 
агаи de utilização à razão de l“, cada ano. Este crescimento arbitrado 
€ razoável, pois chega-se a 1951 e 1952 à um coeficiente ae utilização 
de 28 e 297, respectivamente. Ora, as 28 maiores empresas nacionais 
representando 88^; da potência instalada por nacionais, operaram com 
um coeficiente de utilização de 35% naqueles dois anos e é sabido que 
as demais emprésas reúnem milhares de unidades de potência reduzidis- 
sima, espalhadas pelo interior do Pais com fator de utilização mais baixo. 
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AUTOGENOUS COKING ( 

A NEW METHOD FOR THE 


SIMULTANEOUS PRODUCTION ОЕ LOW) 
PRICED СОКЕ AND THERMAL POWER) 


By KURT BAUM 


3 
D tag, Селеу Frgrene — Essen, Cerrar, | i 

1 

c 

3. 
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+ + А H + TA. 
eved by diy. destillacion within externally heated retorts of chamber оке 


out of contact with the atmosphere, the volatile matters (gas, tar, alpino: 
nia etc.) being collected as by-products in order to redude the high cost; 
of coke caused by the Jow rate of production (10-12 kg/m? of heat d|.: 
surface) and the conespondingh bigh capital investment. The cau) 
ment for such by-product recovery plants, however, iy also quite elaborate,| : 
the market conditions not always favourable and prices in general dol: 
not follow in the same rare as the increased coal prices dven in Eu 
(sec Table 1). 


The Uansformation of coat into coke so La has been generally 115 


Dima 4 n 

PRICE INCREASE JOR CORING ОМ CORE. VND BS PRODUCES 1! CERMANY 5 
139 .. 1053 

vaceveding do W. Keciink ^ 5 


Coking coal ...... E 1: 8.5 Ay 
Blast furnace l md l: 3.4 
Coke oven gas ...... MON 1 3.4 
ВепоЇ Re vate Seek, LR Led 
Ammonium sulphate .......... I: 2.3 
Js ue o а а 21: 2.5 
Lit i PE 1-9 
lie 12 1.6 
Diesel ol ÜP—k P ppj p . do: 1.5 


° UGluckaut" 1953, Page 009, 
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The needs for a cheaper method to convert coal into coke therefore 
have been steadily growing especially in such. countries which have to 
take up the manufacture of coke for their industrial development pio: 
gram f.i. in connection with metallurgical andzor chemical industries 
and the huge capital required in generat. 

It is the aim of this paper 10 present а new and ingenious method 
how coal can be converted into coke in a very simple manner without 
such large capital investment for ihe coking ovens as such as well as for 
the equipment for the utilisation of the volatile matters driven out dur- 
ing destillation. 

The roots of this process called “autogenous coking’ are reaching 
back a» far as to the old beehive oven more or less the eldest type of 
coking furnace ever applied in history. In 1933 Andenen and Renaud 
of Shawinigan Chemical Limited, Montreal, took a patent describing 


— on 


p 
2 


Fig 1 — scheme ot travelling grate coking stoker, 


the so-called “coking stoke’ basing on the coking ob a thin laver of coal 
on а standard travelling grate within а closed chamber i.e. represent 
ing more oder des a beehive oven with a “ora elling bottom” in which 
the volatile matters are burned. otf in a continous process, 

The first results were so encouraging that extensive development 
work by this company bad been performed in an semi imlustrial scale in 
the past and а new coking process had been finaliy developed as described 
in US, patent 2 380 930 of August th, 1045 (see Fig. L Scheme of travell- 
ing grate coking stoker), About 350 tons of coke “day are produced at рге 
sent according to this method lor usc in calcium carbide production. 

The principle as applied is basing on a ver) limited supply of air 
through the specially designed grate bars in the various separated. zones 
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of the grate to the coal bed during its travel through the, 
gases escaping of 


— not even enough to burn, but only to convert the 


coking chamber 


! 3 


the coal within or above the bed by partial combustion ‘essentially into 


CO and Н. the products of incomplete combustion ir 
апа Н.О the final combustion products. Under such “1 
pheric conditions the fixed carbon represented by the 


stead into CO, 
reducing" atmos- 
remaining coke 


residue is not able to react with free oxygen respectively | limited to a 


ун 
substantial minimum and is behaving during the m 
the conditions as existing in a closed retort. The coke 
tively drawn off from the grate at the end of his travel 
show a more increased ash content as during dry desti 


ing similar to 
obtained respec- 
indeed. does not 
lation! 


The remarkable progress achieved with such method was the high 
ets iE 


rate of coking. L| 

It i» generally know that coal might be completely burned in a layer 
of 60-100 min with rates as lar as 150-200 Кел and since within such 
complete combustion the coal itself is going through all the various stages 
of ignition, devolatilisation and coking until complete ¡combustion of 
the coke it was clear that this coking stage is passed in much faster rates 
as during the dry destillation, Even in a mechanical gas producer where 
only hall of the theoretical combustion air is admitted and correspond- 
ingly only one thid of the exothermic reaction heats aré ideveloped, the 
remaining two thirds of the heating value. being preser ved in the gas as 
latene heat, 150.180 kg uh cam be easily gasilied. and Ше coal itsell is 
also pasing through the coking stage betore jts integral | gasification. 


The same coking speed therefore should be obtained! when f.e. the 
coke would be extracted fom a gas producer before the igusitication of 
the tixed carbon i.c. af the coke residue is beginning. Yu 

In fact here is the key tor the understanding of the só-called auto: 
genous coking method which so Lar has been empirically developed success: 
fully. In face 180-200 kg/m? h ob coal are converted intó coke in Shaw- 
inigan, representing an enormous. progress as against ШИЕ kg/m?/h in 
indirect. heated ovens, resulting to a coking time of 12-20 minutes as 
against 16-20 hours. |: | 

“The physical quality of the coke obtained, of course, ig far inferior 
to ordinary lump size blast furnace coke but still atractiva for quite a 
series ol practical applications in the iietallingical or chemical field as 
will be described Eater on and sometimes even superior due to its special 
chemical reactivity | 


THEORETICAL. BASIS DATA FOR “AUTOGENO LL. COKING" 
In his paper "Integral Gieilication of Finely Dispers | Garbonaceous 
Matter in Suspension” at the XII International. Conter ce of Applied 
Chnemistiy, New Vork 1951 the writer has demonstrated how gasification 
— ah undo gas produced: differ against combustion products as well as 


| 
| 
1 
| 
| 
| 
! 
| 


| 
| 
| 
| 
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the heat content respectively concentration in kcal Nm in the gases due 
to the different exothermic reactions involved. By the utilisation. of an 
1, T diagram the theoretical reaction temperatures could be easily as- 
certained. 

These reaction temperatures indeed are not much different when 
the partial combustion is limited to the volatiles as such and indeed 
sufficient to supply and wansfer the necessary heat to carry out the cok- 
ing process of the solid residue as will be shown lateron in relation to 
the volatile matter content of the various coals. 

These somewhat complicated calculations were necessary in order 
to find the fundamental Jaws under which the “autogenous coking” can 
be performed with the various kinds of solid fuels, but represent the 
tools for the designing engineer which enable him to calculate rate of 
coking, capacity ol the furnace, the theoretical and practical operation 


corte remar? 


do 
Wee rmn anm) e SU 
aderit d mp 
— — — — — 


Fig. 2 — Ultimate analysis of solid fuets according to F.-Schuite. 
(water and ash free) 


temperatures, pas composition to be expected ete. This was as more 
important since all data so far known in literature with regard 10 coking 
were exclusively valid tor the indirect heating of à coal charge fundament- 
ally covering the laws ol beat transfer. by convention and/or radiation 
respectively. 

Basing on the general organic composition of the known solid fuels 
in relation to their volatile matter content (Fig. 2) the organic composition 
and heat content of the volatile matters had to be extracted first Gee 
Fig. 33. Basing on these data which demonstrate an interesting relation 
between the volatile matter and their combustion heat for the various 
fuels, the relation with regard to the total heat. content in the volatile 
proportion. of solid. fuels was discovered (Fig. D. 
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With regard to their practical use the following curves are basing 
on 87%, organic matter of the fuels as an average, the rest covering 
mineral matter (8%) and moistur (3%). 

The next and important step was to calculate the reaction heats as 
well as the theoretical heat concentration in kcal / IN m? gas resulting when 


O, 
e 7 лэр еә жы 


Fig. 5 —. Reacting air and gas quantities heating value and theorlcal resulting 
volatile matter content. 


such volatile matters are reacting with air by partial combustion: as out 
lined. 

"These data are shown in Figure 5 Theoretical temperatures of 12509C, 
necessary to supply and transfer sulficient heat for carbonisation (final 
coke temperature about 1000" C) can only be obtained within a certain 
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range of fuels: between 15,5% volatile matter content, the effective 
reaction temperature morcover being lower due to heat losses by radiation, 

Below and above this range of fuels re: ction терене prevailing 
certainly do not allow continuous coking. 


22855 


А b t x «e 
м PI tices ! 


Fig. 4 — Total calorles іп volatile constituents, basing on 37% organic matter of fuels. 


In Fig. 6 the same data ате demonstrated wher mo factors are taken 
into account: 

a) that 10% fixed carbon (he maximum admissible with regard. to 
ash content) are gasilied besides the conversion of the volatiles. 


b) 260 kcal/kg ol radiation loses are deducted as actually observed 
in large scale continuous coker stoker operation. ! 
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Besides larger air апа resulting gus quantities no essential difference 
with regard to the range of fuels to be self-coking under such conditions 
can be observed. : 


. In Figure 7 effective reaction temperatures. are regulated. to such 
degree-by more or less partial combustion (volatile matter and 10% 
fixed carbon) — that а temperature of about 12009 С is kept constant, 


Fig. 5 — Reacting air and gas quantities heating value and theoretical resulting 
reaction temperatures. 


as required for continuous coking. li is most interesting to state that 
almost any fuel may be converted into high temperature coke or char 
under such conditions; A free burning gas (650.850 kcal Nin calorifique 
value of cold gas), however, сап only be recovered within the small range 
of bituminous coals between mininum 15%, and maximum 15% volatile 
matter content of the coal! 
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Thermal balance and heat distribution check calculations (see Fig. 
8) ure demonstrating that these complicated and integrated heat changes 
actually are in full coincidence with the total heat content of the fuel 
as applied. (Fig. 8 demonstrating the conditions prevailing under such 
“autogenous coking reactions" as outlined in Fig. 7). 


rg 


% колела semer oh feel 
Fig. 6 — Reacting air and gas quantities, баз heating values (including 10% € fix 
gazification), Meat concentration in gas and etféctive reaction temperatures, (Radiation 
looses included). 
i 


| 
PRACTICAL APPLICATION AND ECONOMY 
| 
Alter the criterion by which the autogenous coking is governing had 
been discovered the following logical deductions were obtained: 
1) Coking by means of autogenous reaction heat with air is possible 
tor all kinds of solid fuels independent of their volatile matter content. 
1 
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2) For low volatile anthracite, anthracite briquettes additional heat- 
ing fuel may be required due to the fact thai even complete combustion 
Н of the volatile matter does! not supply the necessary heat required for 
| coking. E | 
3) The wide range of low — high volatile bituminous) and sub- 
bituminous coals can be processed with the simultaneous production of 
à low grade frec burning|lean gas — equivalent about to blast furnace 
gas quality. is 

А) Lignite, peat or wood may be converted into char only when 
partial combustion is increased to more or less complete combustion of 
the volatile matter within ‘respectively above the bed; any useful heat- 
ing gas (except its sensible heat) cannot be recovered. | 


nd 
* 
РЕЧ И 


meto 


ol! 


СЯ fette etter ot foal 
Fig. 7 — Reacting air and gas quantities, gas heating value (including [10% C fix 
gasification) and heat concentration. in gas in case effective reaction temperatures aro 


regulated to 1200°C. 
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5) Any carbonaceous matter to be processed should be applied air 
dry if any possible since additional v; aporisation would decrease 
ion temperature and/or gas quality immediately due to the high heat 
consumption involved, Elevated. moisture content would not even allow 
to reach. the minimum working temperature (about 10009 С), contrary 


to the countercurrent heat exch: ange between hot reaction pases ind fuel 
in fixed bed gas producers. 


the operat- 


б) The same rules are valid if f. i. mixed products. (of. minerals coal, 
pressed or extruded pieces) should be processed. “The criterion is the 
total volatile matter content ot the product (coal, binder applied etc.). 


— 
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— motte on nes 
Fig. 8 — Thermal balance of autogenous cokimg reactions in relation to fuela 
E with varying volatile matter content, 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


7) In order to keep à reducing atmosphere inside to the bed when 
partial combustion of the volatile matter alone cannot supply the ne- 
cessary coking heat required, further combustion has to. be achieved by 
secondary air above the bed in order to prevent contact and reaction 
of fixed carbon with surplus air respectively frec oxygen. 


Considering and following these lundamental laws, however, the door 
is open for a wide range of industrial application for autogenous coking 
with a large series of modifications; basing on the principle to split the 
ingoing fuel into two products only: 


1) coke 


2) gas and/or steam 
D With regard to the coals and residual cokes to be obtained: 


a) Coke from a much wider range of bituminous coals, due to the 
fast heating effected, excellent. coke may be obtained even from coals 
which do not cake under the slow heating rate prevailing in indirect 
heated ovens. This is especially valid with regard to mixed products (see 
to 6) where the coking power of coal is responsible for the production 
of hard and solid briquettes. Coke from bituminous coals, about 90% 
above lmm up to 30:40 min, depending of local conditions may be 
used tor all low shale furnace operations, the production of water gas 
and/or chemical application as process coke. 

hy Chi 


r. from high volatile non coking coals due to its high reactivity 
especially dopted for аЙ applications where carbon has to react with 
elements (CaCa phosphorus, SiC. etc.) ar where its reducing power is 
required for reduction and/or sintering of iron or metal ores, can be 
produced much cheaper than by. апу other method. 


c) Solid mixed coke products cam be produced under more or less 
instantaneous reduction of mineral fines under such reducing atmospheric 
conditions, preparing an intermediate product tor final chemical reaction 
or reduction to metal. 


2) With regard to the utilisation of the heat content in the hot 
reaction gases again a Euge variety iy available: 


a) Using such hot gases under ану circumstances as boiler fuel, the 
most elticient method, since complete utilisation sensible and latent heat 
wil bring the total process up to che most efficient method of coal 
conversion from. a thermal point of view. (Low investment cost [or gas 
heated. hoilers compared to solid fuel combustion, Fig. 0). 


The ratio coke: KW is varying between 355-050 KW produced per 
ton of coke. 
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| 
b) Using the hot gases for industrial heating process (burning of 
lime, cement or calcining of minerals (Fig 10). | 


c) Using the hot gases for direct drying or calcining of wet minerals 
or fuels like iiguite, peat or wood with high moisture; (Fig. 11). 


d) Using the hot gases Г.с. for the heating of indirect heated. ovens 
as fe. coking ovens, Fig. 12. In such case all dry clestillation ца» will be 
available for better use. (town gas, chemical application etc.) and the pro- 
duction of additional small size coke may bring additional benefit, if the 
market conditions are favourable (high coke — to conkprice ratio). 


Fig. 9 — Coking stoker combined with boller on thermal ‘power Mation. 
e) When using bituminous coals a valuable lean gas similar to blast 
Гопасе gas can be obtained as a by-product alter. passing a waste heat 
boiles, gas serabber and cooler to bé used as heating + ot powergas or 


even basesgas for public utili use alter carboretting ind or admixture 
ob high BTU gases (scc Fig. Eh. ' 


The investment costs tor autogenous coking last not least will gene. 
rally depend on local conditions, prices of construction materials and 
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Fig. 10 — Coking stoker using hot gases for rotary Kiln operation. 
labour. But just а few ligures will be sulticiently choracterize the enor- 
mous difference as compared to standard coking plants. Investment costs 
may vary between 1,5 and 2.5 зи of coke production and year, depend- 
ing mainly from the degree of gas utilisation equipment as against 25 — 
98. — Siton. and year for standard byproduct coking plants. 


| 

| 
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Fig. 11 — Coking stoker using hot gases for vertical dryer operation. 
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Deprecitiam and сарнай interest therefore are much lower items 
within the cost estimate of the coke price. 

Labour, maintenance cost etc. do not amount to mote than a fraction 
of the generally known figures due to the continuous and automatically 
controlled process as well as the limited amount of. equipment to be 
maintained. 

The coke price — and equal prices for first grade coking coals — 
therefore is 2. — to 3. — 3/1 less even considering the lack of revenue 
by the so-called by-products and а relatively high value of cokeoven gas 
under European conditions. 

Industrial size units from association with ordinary travelling grate 
operation practise may be built for Do 10 t h or 20-250 tons per day for 
one single unit. 


A distinct advantage is furthermore the ready availability and 
elasticity of such coking stokers. Starting up operation does not 
: 


take more than about 4 hours, Production may be stopped at 
any time wanted according to market conditions or requirements. 


Fig, 12 — Coking stoker supplying heat for indirect heated coke ovens. 


As Fa as maintenance is concerned there ire no temperatui es involved 
which iuc not generally in application in all thermal processing (12500 C). 
Fire brick problems therefore do not exist. The only point where mainte- 
nance and replacement is required is concerning the grate bins carrying 
the bed through the coking chamber’ (about | grate bar per 5 tons of 
coke made). Even this work сап be easily. performed if necessary even 
during coking stoker operation. 


The absence of high grade coking coals in this county, che so far 
known modest reserves ol cals in general, will necessarily dead to a 
most careful studs how to proceed and to economise the application ol 
fuels and the investment for its use. Pndastial planers theretore will 
have to consider essentially new methods of imcetallurgical and ¿or chemical 
processing ditlering bom stendard practise, taking at the other hand the 
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vast reserves of hydraulic energy in Brazil and their utilisation into 
account, which certainly require huge investment capital, but once over- 
come will supply cheap energy. 

There are sufficient industrial processes available where low grade 
process coke, when available at sufficiently low price will allow econo- 
mic operation especially considering the presence of such ample reserves 
of high grade ores and minerals, available moreover at comparatively 
low prices. 

Electro-thermal processes as it is known do not require large amounts 
fuel + expect coke for reduction, д fact which is favourable in so far as 
quantity as well as quality of coke required is concerned. Brazilian coals 
are difficult to clean of its inherent ashes. Reducing the process coke 
applied therefore means reducing logically the ballast involved with the 
introduction of coke into the processing. 

It is my sincere wish to have contributed at least to а certain extent 
to the important problems ol industrial development in this country 
from the view point ol the fuel technologist, Fuel and energy are the 
most important [actors next to raw inaterials for the basic industries 
needed in any country and have to be studied most carefully before final 
decisians are made. 


Fig. 13 — Coking stoker as coke and gas producer. 


SUMMARY 


The conversion ol coal into coke so Би has been perlormed in closed 
retorts| or. chambers out ol contact with the atmosphere. А new method 
is outlined by which a limited amount of air. is admitted to a horizontal 
coul layer releasing sulticient exothermic reaction-heat, by which the 
necessary coking heat is covered. “Phe process is performed on а travell- 
ing gate bottom and in continuous operation. The admision of ай is 
limited to such extend that oy а partial combustion of the volatile 
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matters of coal i» performed, creating а strongly reducing gas atmosphere 
within the coking chamber, so that practically no combustion or gasificat- 
ion of fixed carbon can take place. ‘The process is already in Large scale 
| in industrial operation and more over in а very special case: The manu- 
facture of Jow-ash proces as applied. for the production of calcium- 
carbide. 

The theoretical basis of the exothermic reactions prevailing undet 
such conditions are outlined, and the application of this method for the 
conversion of various fuels from low and volatile conversion to high 
volatile bituminous coal and lignites into coke is illustrated. 

The coke or char as produced has in principal a grain size ol 
10-30 mim and may be used for à wide range of chemical or metallurgical 
E processing. “Phis process is doubtless the cheapest method from the view- 
tt point of capital investment for the conversion of valid luels into volatile 
|| tree carbon. 
| А Besides coke, hor reducing. gases are produced in form of lean gas 
os d similar to. blast furnace gas, Utilisation of thermal energy released in 
І E form of auch gases, may be used for the heating of industrial furnaces in 
ENEA various ways and applications as usted, "Ehe most econamic solution 
is the combined production ol coke mul power by which the total heat 
content of such gases, sensible and potential is transformed: into steam 
by secondary combustion. 

The process should be of special interest for such countries in which 
| the manufacture of coke so far is hacking, as more as in mans cases д 
i standard coking plant would neal more capital investment than the in. 
| dustrial plants in which coke is needed as an auxiliary product. 


RESUME 


La nanslormation de chinbon en coke se faisait jusqu'ici dans. des 
retortes ou Chambres à destillation chaulíces extériememnent et. prévees 
| d'air. 
| On note un nouveau moyen qui попсе comment par le dégagement 

| d'une réaction relarivement forte excothermique, par une entrée d'air 
1 limité dans une couche de charbon horizontale d'une manière “anto: 
! gene”, tes quantités de chaleur nécessaires peuvent éue liberés pour car- 
| boniser les charbons. 
zi Ce procédé se lait sur une fond d'une grille mouvable рош que la 
| transformation de charbon en coke se fait d'une maniere continuce. 
ИЙ La quantité d'air est alors établie de tel façon qu'elle ne suffit mème 
‘| pas pour la combustion complete des matières volatiles mais seulement 
И pour une "pasilication" des mémes, сем à dire une transformation en 
CO + Hy au lieu de СО. + 110 

Ce procédé est déjà appliquée en grande escale et même un coke 
extrémement pauvre en cendrés est fabriqué comme if est demandé pour 
In fabrication de carbure de calcium. 
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On explique clairement les bases théoriques pou: les réactions qui 
se passent ct l'application de ce procédé de carbonisation pour les diffé. 
rents charbons est. expliqué. 

Le coke même est produit en général en morceau de 10 à 30 min, est 
applicable pour un grand nombre des procis chimiques et métallurgi- 
ques. La méthode represent sans doute une solution plus Боп marché 
que la transformation standard de charbon en coke. 

А côté du coke on produit des gazes de réaction sous forme d'un 

gaz pauvre de 800 Kcal: Jin et d'une température. de 1150012500 C. 

Ces gazes peuvent être utilisé direct avec leur chaleur sensible pour le 

; chauffage des fours industriels variants. ou apres récuperition de leur 
i chaleur sensible dans toutes brüleurs industriels standard. 

La meilleur solution au point de vue conomique est la combination 

avec la production d'énergie où les дегез chaues en total sont directement 

utilisés dans un chaudière pour La fabrication du vapeur à haute pression, 


Le procédé serait d'un intéret. spécial pour des pays nouveaux. dins 
lesquels. jusqu'ici on n'a pas de l'industrie du coke, depuis la cokerie 
jusqu'aujourd'hui avait besoin de grandes investions (que sonent. dépas- 
sent les capitaux, demandes pour cettes procédés métallurgiques ou chimi- 
ques, pour qui te coke nest plus qu'une produit d'aide ou supplémentaire. 


RESUME 


А transfonmacio de carvão em coque, até aqui, tem sido feita em 
retortas fechadas ou cámaras sem contacto Com а atmostera. Моле um 
novo meio pelo qual se admite uma limitada quantidade de ar para uma 
camada horizontal de салдо com suliiieiite libertacio exoténmica de rea- 
Gio calorífica, pela qual se teni o calor necessitio à coqueificacio, Esse 
proceso é realizado no fundo de mma grelha móvel para que a coqueifi- 
caução se faça de modo continuo. A adinisão de ar se [a2 em quantidade 
tal que apenas realiza uma combustão parcial die matérias voláteis do 
carvão, reduzindo lortemente a ciacio de ais atmosférico dentro da 
mara de coqueiticicio, de inodo que, praticamente, não pode se eferuar 
combustão on gaseiticag de covio fixo. O proceso fi se encontra, em 
larga escala, no emprégo industrial e, além diso, no ceo muito especial 
do fabrico do coque com baixo teor de cinza, como se requer para a 
produção de carbureto de cálcio. 


As bases teóricas das reações exotérmicas predoininantes. sob certas 
condições são descritas e se ilustia a aplicação dese método pira a trans- 
formação dos vários combustiveis de conversão baixa e volátil em carvão 

“ betuminoso altamente volátil, e de lignitas cem coque. 


O coque ou carvão animal assim produzido tem, em regia, um ta- 
manho de grão de 10 a 30 mim e pode ser usado, como grande resultado 
! e alcance, em processos químicos e metaliigicos 
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Esse processo €, sem dúvida, o método mais barato sob о ponto de 
vista do, capital investido na transformação de carvão em coque. 

A par do coque produsiranvse gases de reação sob forma de gis pobre 
semelhante ao gis de alto forno. О emprego da energia térmica realizada 
sob a forma de tais gases, pode ser eletivado pari o aquecimento de 
fornos industriais de variados fins e demais aplicações conforme se ilustra, 
A solução mais económica é à produção combinada de coque e energia 
pela qual o total de calor contido em tais gases, sensível ou potencial- 
mente, se transforma em vapor dágua por combustão secundária. 

O processo terá especial interésse para os paises que, até o momento, 
não possuem indústria de coque. tanto mais quando, em muitos casos, 
uma instalação padrão de coqueificação requererá um investimento de 
capital maior do que as instalações industriais nas quais o coque é apenas 
um produto auxiliar. 
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CABLE PROBLEMS WITH EXTRA-HIGH- 
¡TENSION DC POWER TRANSMISSION 


: By O. GASSER 
FA end Ch. HELD 


NATIONAL COMMITTEE OF THE GERMANY NATIONAL REPUBLIC 


Overhead Lines or Cables ? 
B Transmission of large amounts of electrical energy over great dis- 
tances is carried out chiefly by means of overhead lines whose technical 
possibilities are already developed for voltage ratings up to 380 kV het- 
ween conductors. The distance over which transmission can be economi- 
cally effected with such overhead lines lies between 400 and 1000 km 
at frequencies from 40 to 60 c.p.s. In the future we shall find it neces- 
ѕагу to open up new sources of energy still farther away from the load 
icenters. Under these conditions the dificulties arising from the nature of 
alternating current and from the capacity of the lines are likely to become 
heavily accentuated and will require a large outlay on technical equip- 
| ment. A disadvantage with overhead lines is their exposure to atmos- 
“¿pheric disturbances and the fact that a relationship exists between the 
¡amount of energy which can be actually transmitted and the surge-impe- 
; dance loading of the line. 
E Such difficulties as are encountered with the transmission of three- 
| phase current will not be experienced when high- tension direct current 
jis used. The inductive and capacitive properties of an overhead line will 
¡prove irrelevant when is is operated with d.c., and transmission of large 
amounts of energy is practically unlimited by distance. Transmission of 
smaller amounts of energy over very great distances, wehich with three- 
phase current meets with difficulties for stability reasons, likewise 
presents no problems with direct current. 


Overhead lines having equal insulation, when operated with d.c. ins- 


tead of three-phase a.c.. are able to carry direct current at voltages 
¡equal to the permissible a.c. crest Voltage. 


j 
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The are no losses caused by charging current; the losses arising 
from power transmission and corona are smaller and the line instabilities 
encountered with three-phase operation are absent. However, an impor- 
tant disadvantage of d. 2. operation with overhead lines lies in the fact 
that such lines under high d.c. potential are particularly subject to foul- 
ing by dust so that considerable sums have to be spent on their inspection, 
cleaning and maintenance. Other setbacks of overhead lines, which apply 
equally to a.c. and d.c. operation, are atmospheric surges. ice loads, 
and wind pressure. It would also be impossible to cross large stretches 
of deep water with overhead lines. 

Obstacles of the terrain can much more easily be overcome by ca- 
bles. In particular, crossing of arms or broad stretches of the sea presents 
no difficulties, Forest regions and pathless mountains can be easily 
crossed by cables where overhead lines could only be installed with great 
difficulties. Cables ate not affected by atmospheric discharges and there 
are no corona losses. which with extra-high-tension three-phase over- 
head lines are to rise to a serious amount during rain. 


Three-phase Cable 


Cables for three-phase transmission of electrical energy have like- 
wise been developed for voltage ratings up to 380 kV and have proved 
satisfactory in actual service. 

Theoretically the low dielectric long time strength of ordinary solidi 
type cables would require a very thick insulation to be employed with ex- 
tra-high operating voltages, This, however, is not feasible because with 
growing thickness of insulation the compound content of the cable is 
increased corresponding to the cross section of the insulation, i.e. in 
proportion to about the square of the cable diameter, The contraction of 
the compound when a solid type cable cools after loading (4% for every 
50°C temperature difference) would thus cause excessive formation of 
voids. This excludes the increasing of the insulation thickness of a.c. — 
operated compound — fiiled cables beyond 16 mm. 

The logical conclusion to be drawn from this is that solid type ca- 
bles of ordinary design cannot be considered safe for three-phase voltages 
beyond 66 kV. 


This explains why several methods of three-phase transmission have 
been tried in order to find a way that would permit higher operating vol- 
tages to be employed without the need for further increasing the insulat- 
ing thickness of the cables. Pressure cables of the gas-filled type have 
gained a certain popularity in this respect. They use high gas pressure in 
the dielectric by which ionization effects in the voids are suppressed. With 
the so-called compression cable the formation of cavities is prevented 
by drawing the cores, which are covered with yielding sheaths. into a 
steel pipe. This pipe is then filled with gas under high pressure (200 
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psi). The sheaths, which are bulged out by the expansion of the compound 
when the cable heats up under load, will be reduced to their former 
Shape again by the compressive force of the gas when the cable cools 
down. This method has allowed raising the transmission voltage for 
cables of this type to approx. 150 kV between conductors. But only 
oil-filled cables and oilostatic cables, which have much in common as 
they provide the possibility of oil expansion by special devices, are at 


present ¡suitable for the transmission of extra-high voltages of 380 kV. 
the highest tension now employed for three-phase systems. 


The possibilities of using cables for long-distance transmission of 
power in three-phase systems are very restricted. This must be attributed 


not only to the considerable price of the cables but also to their specific 
transm ssion characteristics. 
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Fig. 1 — Three-phase carrying capacity of 3 oil-filled cables 
each of 50 mm: cross-sectional area, 


| 

Fig. 1 shows for thrce single-core oil-filled cables of 500 sq. mm 
section each the thermal limiting load plotted over rated three-phase vol- 
tages when assuming а 50°C temperature rise of the conductors. Another 
curve shows the capacitive charging power for a 50 km cable line of the 
same three cables. Oil-filled cables have been selected for the example 
because this type is prefered for voltage ratings higher than 110 kV. The 
example shows that at a rated voltage of about 250 kV the capacitive 
power required for charging the cables already reaches the thermal limit- 
ing load. This is clear evidence that it will be practically impossible to 
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employ three-phase a.c. transmission at extra-high voltages for distances 
considerably exceeding 50 km unless means for compensating the charging 
Current are provided. 

Fig. 2 is particularly illustrative in this respect. For a polyphase 
system of three single-core oil-filled cables the line length has been plotted 
over the transmission voltage assuming the particular case that the charg- 
ing power is equal to the overall thermal limiting load of the cable line. 
Apart from their high price. the large dielectric capacity therefore forms 
the chief obstacle to а wider use of cables for energy transmission 
with a.c.. 


The Dielectric of Cables under AC- and DC-Stresses 


A decisive technical and economical advantage of direct current is 
that the ordinary dielectric of cables — oil-inpregnated or compound-im- 
pregnated paper insulation — sustains much higher stresses with d.c. than 


un 
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Fig. 2 — Longest cable distance at 50 c a Hallow conductor nit-fitled cable. 


with a.c. of customary frequency. The ratios of these two values as given 
by different authors vary between 3:1 and 10:1. An explanation for this 
wide divergence is found by considering fig. 3. Here it is seen that with 
stresse of short duration the dielectric strength with d.c. is about three 
times higher than with a.c. But with operation over long periods. which 
alone corresponds to conditions of actual service. this ratio may rise to 
10:1. Depending on the nature of the impregnating medium employed 
— whether thin oil as with oil-filled cables or a viscid compound of oil and 
resins as with solid type cables — the long time strength of the cable 
dielectric under a. c. stress is reduced to between 3.4 and | 4 of the 
strength with stresses of only one minute duration. 
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The discrepancies found between the stated ratios, however, are not 
only explained by the fact that dielectric strength is compared for different 
durations of stressing, but in many cases the manner of impregnation and 
the temperature of the cable were different too. Sometimes the values 
obtained with d.c. referred to the r.m.s. values, at other times to the 
crest values of the alternating current. The a.c. values shown in our 
diagrams are r. m.s. values. 

The average dielectric-strength values obtained from numerous tests 


are plotted in fig. 3 over a time scale 1:¥/t as abscissa. As such long iime 
strength tests cannot of course be continued indefinitely — although fre- 
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Fig. 3 — Time-voltage characteristics of h.v. cables. 


quently they extend over several thousand hours — this form of graphical 
representation permits extrapolating the strength value for an infinite“ 
time as shown by the ordinate at the right. The lower part of the diagram 
shows the well-known time function of the dielectric strength of solid 
type and oil-filled cables under a.c. stress. Whereas the dielectric 
strength of oil-filled cables, owing to the superior nature of their impreg- 
nating medium and the prevention of void formation, is impaired by only 
about 25% even under very heavy stress-load cycles, the long time 


[^ 
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strength of solid type cables drops to approx. 1/4 of the stress value 
obtained during one minute. When stressing the cable dielectric by high- 
tension d.c. the situation will be found much more promising than with 
а.с. as appears from the two upper curves in fig. 3. No ionization effects 
in the voids are experienced with d.c.. so that corona losses. which are 
so detrimental with a.c., are absent. Furthermore the losses which arise 
from polarity reversal in the dielectric and manifest themselves with any 
a.c. cable by the dielectric power factor tan д, will not be found with 
d.c. operation. The only losses that remain are those caused by the 
leakage current which is determined by insulation resistance and will be 
extremely small with a well-dried paper insulation soaked with a high- 
grade impregnating medium. For cables of good quality the insulation 
resistance lies between 10" and 10!" ohm pet km. so that no heating of the 
dielectric will occur. i : 

The above features explain why d. с. — operated cables show по 
decline of their dielectric properties worth mentioning суеп after long 
durations of service. This observation, of course, only holds good if — 
as is the case in actual service, — the current load of the cable is kept 
within the limits prescribed by economical considerations. 

When transmitting large power over very great distances the ma- 
ximum losses acceptable from the econorcic point of view determine the 
specific current load for the conductor. With the transmission distances 
and voltages hitherto contemplated, the designer is scarcely interested in 
loading the cables up to their thermal limiting capacity. Such conside- 
rations are of course to the advantage of the solid type cable. Whereas 
oil-filled cables can without difficulty be operated with conductor tem- 
peratures of 70" to 80°С, thermally high-stressed solid type cables would 
be liable to compound migration, especially:if laid in mountainous regions. 
This hazard can be diminished only by keeping the specific current load 
low, so that the cable is only slightly heated: for at lower temperatures 
the viscosity of the impregnating medium remains high cnough to check 
the tendency to migration, | 

Some authors compare the dielectric strength of solid type cables 
with that of oil-filled cables at the same very high current load. In such 
à comparison the oil-filled cable is bound to show up much better than 
the solid type cable because its impregnáting medium is prevented from 
migrating as it flaws over special recipients. such as stop joints. into 
expansion tanks and the like, which serve for maintaining excellent filling 
of the cable at all times. But since im actual transmission over verv great 
distances, as was pointed ot above, high specific current loads are only 
rarely encountered, it seems justified to compare the dielectric strengths 
of cables at smaller lords — which from the economical aspect is more 
realistic — i. e. within a range of temperatures up to approx. 50°C 
which has proved most suitable for d. c, transmission. also with solid 
type cables. On the other hand. the superiority of oil-filled cables over 
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solid type cables as regards stability under thermal stresses can be made 
use of under special service conditions as are encountered in hot climate. 
In cases of this kind the use of solid type cabies would require the con- 
ductors to be designed with larger cross-sections. Leaving aside such 
exceptional cases, however, the technically more straightforward solid 
type cable can be employed with adventage for d. c. transmission. А 
further point favouring the solid type of cable is that owing to the higher 
viscosity and higher insulation resistance of their impregnating compound 
the breakdown strength of compound- impregnated cables appreciably 
higher than that of oil-filled cables, as will be seen from the two upper 
curves in Fig. 3. 
The high dielectric-strength value in the diagram applies to a cable 
with compounded paper insulation of 12 mm thickness which had been 
built for the experimental 440-kV cable line Elbe- Berlin. The breakdown 


Fig. 4 — Oc cable test set 1 H. MV and cable for transmission at] 440 kv. 
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voltage measured on, this cable with the help of the 1.8-million-volt test 
generator shown in Fig. 4 was 900 kV with negative potential and 
1150 kV with positive potential. These values measured on heavily 
insulated cables can be used as a reliable basis for the design of new 
high-tension d. c. cable lines. although. they may sometimes conflict 
with values published elsewhere that have been obtained mostly with 
weaker insulated cables. Our experience seems to indicate that cable 
lines for extra-high-voltage DC-transmission should be designed for a 
maximum field gradient under service conditions of approx. 40 kV/mm. 


Cables for DC-Power Transmission 


This granted, computations will give insulation-thickness values as 
shown in Fig. 5 for a compound-impregnated cable of 500 sq. mm con- 
ductor area. It can be sezn from the curve that for the transmission of 
d. c. power at 2 x 220 kV an insulation thickness as small as 
7 mm would be adequate, although the cable completed in 1944 for the 
d. c. transmission line Elbe-Berlin still used a thickness of 12 mm over 
the conductor of 14 mm diameter. The generous dimensions in this case 
were explained by the fact that the designer had to allow for harmonics 
of considerable amplitude which were expected to be superimposed as 
ripple on the d. c. voltage, so that a voltage gradient of 32 kV/mm at 
the conductor surface was not to bc exceeded. With the present state 
of development we can be safe in assuming that with large-scale trans- 
mission lines and distances of several hundred kilometers harmonics of 
an amplitude worth mentioning will not penetrate into the cables. By 
providing choke coils in series with the line and thanks to the naturally 
high dielectric capacity of the cables, it is possible to attenuate the am- 
plitude of the harmonics to values low enough to leave them out of con- 
sideration when dimensioning the thickness of the insulation. The 
dielectric-strength values shown in Fig. 3 were measured with negative 
polarity and at ambient-air temperature. The tests furnished definite 
proof that the dielectric strength with positive polarity is approx. 2067 
higher. It suggests itself that economic savings on a transmission line 
operated with both polarities could therefore be achieved by a corres- 
ponding reduction in the insulation thickness of the positive cable. 
Savings of this kind, however, cannot һе recommended; two cables of 
equal insulating strength will offer the possibility of using them with 
either polarity. and this is undoubtedly advantagious. In this connection 
it deserves mentioning that even when stressed by impulse voltage the 
breakdown of solid type cables will be found about 15% higher with 
positive than with negative polarity. Loading and temperature rise of a 
cable have a twofold effect on the break down strength of the dielectric. 
On the one hand, the dielectric strength in the hot state is less than in 
the cold state because the hot impregnating medium has lower viscosity 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


and lower insulation resistance; on the other hand, with solid type cables 
which are heated beyond a certain temperature without giving the im- 
pregnating compound a possibilitv to escape and to return when the 
cable cools, voids are likely to be formed and these are very detrimental 
to the dielectric strength. Numerous tests on cables whose paper had 
not been impregnated with compound to saturation have shown that 
under unfavourable conditions the dielectric strength may drop to half 
the value measured on cables whose insulation had been impregnated 
thoroughly. This deterioration is chiefly explained by the fact that, 
especially at reduced pressure. the dielectric strength of air and gases 
is much less than that of paper or oil. Whereas the dielectric strength 
of a dielectric consisting of oil and paper under d. c. stress is from 3 to 
10 tines higher than under a. c. stress as can be seen from Fig. 3. this 
rule does not apply to air as dielectric. The breakdown strength of air 
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Fig. 5 — Thickness of di-slectric for solid.type cables. 


is independent of the kind of current. and this is the reason why cables 
with qas in their insulation will be found less suitable for d. c. trans- 
mission than cables with fully-impregnated insulation. 


The load to which three-phase cables can be subjected will always 
depend on the cable construction. The same applies when operating the 
cable on d. c. With oil-filled cables. for example. conductor tempera- 
tures up to SO C are permissible; with ordinary compound-impregnated, 
paper-insulated lIead-sheathed cables. however, it is advisable to limit 
the highest operating temperature to 50°C, which corresponds to a per- 
missible temperature rise of 30" — 40°C. Life-tests for dielectric strength 
on current-loaded oil-filled and solid type-cables have demonstrated 
that in this temperature range the dielectric strength is not much dimi- 
nished, However, if solid type cables are subjected to the same high 
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current loads as oil-filled cables and are thus he 
70°С and higher, the dielectric strength of solid type cables will be very 
" much diminished in contrast to the smaller dielectric-strength reduction 
: of oil-filled cables under the same load. It would however be a fallacy 
if the above test results were interpreted as meaning that for high-tension | 
| d. c. transmission oil-filled cables should be preferred to solid tyne 
BE | cables, The use of oil-filled cables for very great distances involves an 
additional outlay on step joints and other special cable accessories which 
| seems unwarranted from an enginecring as well as economical point of 
view. With long-distance transmission no profitable use can be made 
of the superior current-carrying capacity of oil-filled cables. at least 
i not to the extent indicated by the ratio of respective permissible current 
loads of oil-filled and solid type cables. Transmission lines for long 
| distances will in every event be dimensioned with regard to power loss, 
| i i. e. with regard to voltage drop in the case of d. c. 
| 
i 


ated to temperatures of 


transmission. It 


weill thus be hardly ever possible to make full use of the thermal limiting 


Ho: ; load of a cable. 


| This can be clearly seen from Fig. 6. The power that сап be trans- 
o | mitted by а 1000 km long solid type cable line with either copper or 
aluminium conductors when a voltage drop of 10% is assumed (power 
efficiency of the cable transmission „ 9017) 


has been recorded in 
; : relation to the operating voltage. The thermal limiting loads are likewise 


| indicated and it will be seen that with voltages between 2 x 100 kV and 
| 2 x 200 kV the cables should be loaded with only about one third of 
| their current rating. With all voltages lower than 2 x 360 kV whes 
| 
| 
i 


using copper conductors or lower than 2 x 460 КМ with aluminium 


e 


Fig. 6 — О.с, output of 2 solid-type cables, cross-section of conductors 500 mm^ cach. 
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1 
conductors, ‘the power that can be economically transmitted over 1000 km 
(y = 90%) will be below the thermal limiting load With shorter dis- 
tances the economically transmissible load will be higher, with greater 
distances it will of course be still smaller. The diagrfim refers to a 1000 
km length of the line as this is the transmission distancelof the majority 
of projects discussed during recent years. | | ; 
The great advantage that сап be derived from the higher electric 
strength of a cable under d. c. stress is seen in Fig! um Here, the three 
single-core oil-filled cables of a 380-kV three- -phast ae. transmission 
line are compared on the same scale with the two singles ore solid cables 
of a d. c.-transmission line designed for 2 x 220 * a d equal current 
carrying capacity. With a cross-section of the conductor only 73% of 
the section of the three-phase cable the d. c. cable can carry 50% higher 
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Toree-phase current 3804 e ш 42204 
470A | 7054 
2.80 тт? | Conductor 20770 mm? 
26 mm | Insulation 175 mm 
| | Sm | каезлап | 10 mm 
109 mm ; Cabte diameter | Samm 
9.7 кут | m ela хит 
15 win | Туа! transmission lors : 5a wim 
Fig. 7 — Cable tor 310 MW Alternating current and direct | current. 


current because the insulation thickness of the d. <' able is only 295 
of that of the a. c. cable and по au losses in the conductor, sheath 
and armour will occur as with! a. When comparing the two trans- 
mission systems it should be kept in aid that 380 kV-three- -phase cables 
in systems with directly-groundet neutral are stressed by an a. c. vol- 
tage of 220 kV г. m. s. i.e. by 310 kV crest voltage. whereas the d.c. 

cables have to withstand only 220 kV. The economic advantages to be 
gained from d.c. transmission! can be clearly seen from a comparison 
of the cable weights, For each kilometer of line length three single-core 
a.c. cables will have a weight of 93 tons as compared to only 17 tons 
of the d.c. cables. Besides the savings that can belachieved in weight. 
transmission losses with d.c. will amount to less than ¿half those with 
three-phase a.c. T 


Pd 
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Examples of cable lines 
1 
| E The largest d.c. transmission line actually constructed. but not 
| m taken into operation because of dismantling in 1945, was intended to 
| connect the "Elbe" |power station with Berlin. 'The distance between 
i the two terminal stations was 115 km. The cables for the planned two- 
| wire line were built to uniform specifications by a group of three firms. 
iB These specifications provided for a conductor section of 150 sq. mm Al, 
| an insulation thicknéss of 12 шш, and for 2 mm thickness of the lead 
e sheath. As to the actual construction of the cable, the individual firms 
| Hu had full freedom of| design. The Siemens-Schuckertwerke adopted the 
| 2 following construction for their cable: In order to prevent migration of 
E the compound in longitudinal direction (a difference in elevation of more 
| than 100 m had to be overcome between the terminal points of the line) 
i the aluminium conductor built with a very high compactness factor con- 
i р 51515 of three stranded solid sector shaped wires surrounded by a layer 
i H of flat wires. The paper insulation spun on the conductor was im- 
: i pregnated by an oilfresin compound for which first-grade ingredients 
of highest purity were used. The core insulation was wrapped with a 
' ' layer of metallized paper (Héchstádter foil). The lead sheath was 
i т covered with a highly effective corrosion-protective layer followed by 
an open. i.e. half-covering, layer of flat magnetic steel wires. The 
outer serving consisted of the customary layer of compound impregnated 
jute. The overall diameter of the cable was 55 mm, the unit weight 
6.3 kg/m. The cable was laid in individual lengths of 800 to 1000 
| meters. With a service load on the cable of 275 amp d.c., equivalent 
| a to a transmitted power of 120 MW at 2 x 220 kV, the temperature rise 
| | of the conductor was 25°С. Thorough tests had shown that with this 
am temperature rise the cable would have practically the same dielectric 
| 3 strength as in the cold state. As mentioned before the mean breakdown 
| | voltage of the cables! furnished by the Siemens-Schuckertwerke was 
; found at approx. 1000 kV by means of the 1.8 MV generator. Vig. 8 
| a shows the design of the cable as actually built. Another cable will now 
al be described which, lin accordance with the above considerations, is 
suitable for the transmission of large power by positive and negativo 


| 
| | d.c. with a line potential to earth.of 400 KV each. The design was based 
1 iE 


on à traasibission distance of 1000 km, à voltage gradient at the con- 
ductor of 40 КУ m and an operating temperature of approx, 50°C. 
The thermal limiting load of a cable of this type, whose section is shawn 
in Fig. 9 will be about: 3-40 MW for a copper-conductor of 590 sq. пип. 
| T With а current of 850 amp and a resistance of the copper conductor of 
0.04 ohm per km the ohmic voltage drop will be about 34 V per km. 
corresponding to 8.5%. for the entire transmission distance. The design 
of this cable was governed by the following considerations. The con- 
ductor was to have the highest possible compactness factor, ie. as fou 
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interstices as possible between the stranded wires as such hollows might 
cause migration of compcund in mountainous regions. An appropriate 
material for the insulation, which is built up from lavers of spun paper, 
is sodium cellulose paper of high-density. The dielectric field at the core 
suiface will be screened by metallized Hóchstüdter foil. The present 
state of cable development permits the sheath to be produced either as 
seamless extruded lead tube or as aluminium sheath. The use of alu- 
minium as sheathing material allows weight savings to be'achieved which 
are particularly welcome һот the cable-layer's point of view (see Fig. 9). 
A feature that is essential for the reliability of the cable in operation is 


Fig. 3 — Cable of d.c. tran mission Elbe-Berlin at 340 kv, 275 A. 


the protection of the sheath against mechanical electrol tical and che 


mical attack. In tropical climate. extra protection. against attack by in- 
sects has to be taken. The protection against corrosion should consist 
not only of the customary livers of compounded. jute and paver, bui 
also be additionally re iforced hy tapes of tlienmes plastic or rubber or by 
sheaths of these mater als applied ever the cable by an ctrüsiOn process, 
The mechanical armour should afford p.otection to the cable not only 
sgeinst possible imjnre caused hy gg opesacons but should also 
facilitate the lavizg of the cable in «Есин terrain, The need to save 
y tO use the longest possible individual 
at lengths of cable requires in some 


installation time makes. at nece 
cable lengths. Laying of such are 
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cases a closed armour oft flat or round steel wires which is capable of 
taking up tensional stress; ¿Under ordinary laying conditions an armour 


of two layers of steel: tape! 


spun one above the other.as shown in the 


figure, the type generally émployed nowadays, will be found sufficient. 
This armour is covered in the usual way by a jute spinning impregnated 


with bitumen. Ordinary |sté 


el can be used for the armour since. in con- 


trast to single-core a.c: cables, there are no losses by magnetic hyste- 


resis. À system of two such 
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Fig. 9 — Solid, 
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As with three-phase trà 
of high-tension d.c. cable: 
ditions. : 


LE 


require not only great care, 


d 
T 


cables with copper-conductors allows trans- 


31610 MW after deduction of losses over a 


р higher power is to be transmitted it will 


Et n 
а cables or several. cable systems in parallel. 
en for the parallel-connected cable lines, in 


isturbed by digging work, etc., the system 
eans of the unaffected part of the line. 


— —97 


Contacter 500mm? 
Insuition 15mm 
Shean Inm 


ү 
type cable for d.c. 2 . 400 kv. 


} 
Smission systems, dimensions and design 
must be matched to prevailing local con- 


t also à certain amount of experience; the 


With d.c. cables fox ү high tensions the joints and sealing ends 
te 


latter thanks to actually brile 


Xperimental installations, has now already 


been gained. In 1949 wu, Bl J. Errol and Lord Forrester pointed to 


some interesting project; whi 


h th are awaiting realization. It would be a 


valuable contribution to tech ical progress and to the further development 


А à. | 1s] 
of energy transmission syften 
out іп the near future. 


In any event, cable engi 


S if one of these projects could be carried 


leering is today in a position to successfully 


М " A А . 
solve any of the problems involved in long-distance power transmission . 


1 
i 
tj " 

] 


| 
| 
n 
| 
| 
| 
| 
i 
| 


Mi 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


BIBLIOGRAPHY 


Cigré 131 

Cables For High-Tension D. C. Power Transmission hy 

Bror Hansson and Bengt Bjurström (Sweden) ........... 1946 
Cigré 111 

E.H.T. D.C. Cables 

by L. Domenach, Chief Engineer, Cables de Lyon ........ 1946 


The Proceedings Ol The Institution Of Electrical Engineers 
Edited by W. K. Brasher, Secretary 
Vol. 96 Part I (General), No. 98. pp. 49-63 March ...._. 1949 


The Proceedings Of The Institution Of Electrical Engineers 
Vol. 97. Part I (General), No. 106. pp. 163-180 July .... 1950 


Energicübertragung mit Gleichstrom hoher 

Spannung (Eneray transmission by high-tension direct 

current) by К. Baudisch, Springer 

Verlag, publishing company, Berlin ‘Göttingen, Heidelberg 1950 


The Laying of the Gotland Cable 
(The world's first high voltage direct current cable...) 
(B. Rathsman in “Direct Current” 1,1953, No. 6, Sept. 1953. 


рр. 161 ... 163) 1953 


Das Kabelproblem bci Gleichstrom-Hóáchstspannungs-Übertragungen 
Cable Problems with Very-high D.C. Voltages 


Le probléme de cables pour le transport d'énergie électrique sous três 
hautes tensions continues 


SUMMARY 


With alternating currents the transmission of electric power by cable 
is limited to short distances (below 100 km) due to the cable capacitance. 
With direct current, however, transmission over unlimited distances is 
possible. The advantages of cable as compared with overhead trans- 
mission lines аге well-known — they аге not subject to atmospheric 
disturbances, they can be used for submarine crossings, and power loss 
results only from the ohmic voltage drop. 

With d.c. voltage stress the electrical strength of normal paper- 
insulated cable impregnated with compound or oil is many times greater 
than with a.c. voltage stress. Thus very high voltages can be applied 
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| 
| 
with small thicknesses of insulation: The d.c. strength is compared 
with the a.c. strength, taking into consideration the duration of stress. 


polarity and temperaturc. | 


An example shows the difference between 380-kV three-phuse 
cable and 220-kV d.c. cible, both for the same transmitted power. The 
cables of the Elbe-Berlin Testing Station, 120 MW at 2 x 220 kV, аге 
briefly described. А further example describes the design of cable for 
over 600 MW d.c. power fat 2 x 400 kV. ' 


Das Kabelproblem bei Gleichstrom-Héchstspannungs-Ubertragungen 


Cable Problems with Very-high D.C. Voltages 
Le probléme de cables pour le transport d'énergie électrique 
sous trés hautes tensions continues 
i 
RÉSUMÉ 
i 
| 
! we H n H . ` 
Pour de grandes puissances d'énergie électrique en alternatif ou 
triphasé, on ne peut utiliser les cables que pour des distances réduites 
(moins de 100 km) du fait de leur capacité. Pour courant continu, on 
peut se servir de cables pour n'importe quelles distances. Comparés aux 
lignes aériennes les cables 5 présentent les avantages suivants: 


| 
aucun danger de perturbations atmosphériques; 
possibilité d'utilisation sous-marine: E 
pertes réduites, provoquées pratiquement par la chute de 
tension Sue seulement. 


La rigidité diélectrique des câbles normaux isolés au papier et im- 
prégnés d'huile ou de masse isolante, s'élève pour courant continu à un 
multiple de celle pour courant alternatif. On peut donc employer de très 
hautes tensions, méme pour, une épaisseur d'isolation réduite. On com- 
19 75 la rigidité en continu avec celle en alternatif, en tenant compte de 
la durée de charge, de la polarité et température. 


A l'aide d'un exemple: concret on indique la différence entre les 
câbles 380 kV triphasés et les cábles 220 kV pour courant continu. 
On donne une description sommaire des cábles 2 x 220 kV, 120 MW. 
de l'installation d'essai Elbe-Berlin. Par un autre exemple on indique 


la construction d'un cable 2 x 400 kV, pour une puissance dépassant 600 
MW en courant continu. | 


Approved For Release 2005/06/07 : CIA-RDP8 


Approved For Release 2005/06/07 : CIA-RDP8 


| 
| 
| 
1 
| 


| 
| 
| Resumo 
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Com corrente alternáda а transmissão 
de cabos é limitada a pequenas distâncias (| 
da capacitância dos cabos. Com corrente 
missão a distâncias ilimitadas se torna possi 


i 
comparadas com as das linhas aéreas de transmi 
não estão sujeitos jaos distúrbios atmosférico 8 


рага travessias submarinas, e perdas de 
queda ôhmica de voltagem. 


Com à tensão, de corrente continua a 


normais com isolamento de papel impregnado [ 
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xo de 100 En) em razão 
tinua, contudo, а trans- 
ivel.| As vantagens dos cabos 
são são bem conhecidas: 
ipodem ser empregados 


energía resultam apenas da 
1 i 


tlie de elétrica por meio 


resistencia elétrica de cabos 
\ 
€ óleo ou massa isolante 


1 А 
é muito maior do que сот a tensão de corrénté alternada. Assim sendo. 


voltagens e ipodem ser usadas com 


térias isolantes. A resistência elétrica da cor: 


pe enas espessuras de ma- 
rent te continua é comparada 


i 
com a da corrente alternada, levando-se em: consideração a duração da 


tensão, polaridade « e temperatura. 
Um ^xemplo mostra a diferença entre 


cabo 220 kV de corrente continua. ambos 


IT 
o cabo 380 kV trifásico e o 


para a mesma energia trans- 


mitida. Os cabos 2 х 220 kV, 120 MW. dà ¡Elve-Berlin Testing Station 
sáo sumáriamente descritos. Um outro exemple descreve o projeto de 
um cabo 2 x 400 kV, para poténcia асїта! de 600 MW em corrente 


continua. | 

: | 
| 
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LES USINES THERMIQUES ET LA COOR. 
DINATION ENTRE PRODUCTION HY- 
DRAULIQUE ET THERMIQUE EN ITALIE 


Par MARIO MAINARDIS 


Prol Dom. tng. . Duecteur Tenval ae is Jace Adria ca d. Elermeita” 


COMITÉ NATIONAL ITALIEN 


La situation de l'industrie électrique italienne à la fin de 1952 peut 
être représentée par les chiffres suivants: 


— puissance effective des installations hydrodlectriques: 7.200 MW 

— productivité moyenne annuelle des installations hydroélectriques: 
28.000 GWh 

= capacité d'accumulation des réservoirs: 3.500 GWh 

— puissance effective des usines theriniques: 1.700 MW 

— production effective en 1952: 


des usines hydrauliques .... 27,000 GWh 
des usines thermiques ..... 3.800 GWh 
Totaul 30.800 GWh 


La situation actuelle est la suivante: 
— puissance effective des usines hydrauliques: 7.500 MW 
— productivité annuelle moyenne des usines hydrauliques: 29.000 GWh 
— capacité d'accumulation des réservoirs: 3.750 GWh 
— puissance effective des usines thermiques: 2.050 MW 


La situation en 1955 sera a peu pres la suivante: 


— puissance effective des usines hydrauliques: 9.500 MW 
— productivité annuelle moyenne des usines hydrauliques; 33.000 GWh 
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— capacité d'accumulation des réservoirs: 4.000 GWh 
— puissance effective des usines thermiques: 2.500 MW 


Les ressources hydrauliques italiennes. réellement utilisables, qu'on 
¿value grosso modo à 50.000 GWh par an, sont déjà utilices pom le 
60% environ; c'est à dire qu'il reste à utiliser? 20.000 GWh par an em 
viron, correspondant aux augmentations probables des consommations 
d'énergie pour quelque chose comme dix années | ‘(augmentation de 
6 = 7% par an). 

Cette exploitation de plus en plus poussée des ressources. hydrauli. 
ques à donné lieu à une modification radicale de ‘l'économie, électri- 
que de notre pays, dans le but de satisfaire aux augmentations de la 
consommation en partie avec de l'énergie hydraulique et en partie avec 
de l'énergie. thermique. 

Cette nouvelle tendance dans le plan de développement des instal- 
lations à mis en évidence le probleme d'une coordination dans la mar- 
che des usines hydrauliques et thermiques. qui permette l'uulisation. in- 
tégrale de nos ressources hydrauliques et le maximum d'économie dans 
la consommation des combustibles. 


Pour atteindre une coordination rationnelle et économique de ces 
deux sources d'énergie il est nécessaire d' employer les usines hydrauli- 
ques à fil de l'eau et les usines thermiques pour le service de bise à 
charge ccnstante ou à charge programmée avec de lentes variations, et 
de confier le rôle d'usines de pointe. pour le réglage de la frequence, 
dont la charge peut changer rapidement, pine den: aux usines hy- 
drauliques alimentée par des réservoirs. 


Dans la premicie période de développement: des usines hydrauliques 
les usines thermiques italiennes jouaient principalement un role de ré- 
serve exceptionnelle en cas de dégâts aux lignes de transport; c'est pour- 
quoi elles avaient été situées dans les centres principaux de comomma- 
tion et proportionnées à la charge absorbée par; ces centres, En vue de 
leur rôle d'usines d'émergence elle devaient бїгє [capables d'une marche 
indépendante, qui бай nécessairement à charç | Ariable. 

Aprés l'étiage exceptionnel des années 1921-1922 les groupes élec- 
triques italiens les plus importants mirent en chantier un programme 
thermique rationnel qui confiait aux usines thermiques le rôle d'inté- 
gration des usines hydrauliques aux périodes d'étiage et seulement pour 
les manques d'énergie qui ne pouvaient pas être) remplis par les instal- 
lations pourvues d'un réservoir d'intégration saisonnière, 

Les étiages exceptionnels des années 1947-4849 et les graves con- 
séquences qu'ils eurent sur les disponibilités d'énergie hydraulique (qui 

avaient été sensiblement amoindries par les ravages de la guerre, sans 
qu'il cat été possible de les rébâtir aussi vite qu "n était nécessaire, à 
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cause de la difticulte dans Vapprovisionnement des matériaux, come 
Чиенге elle ausi de la guerre) ont determine une autre innovation та 
icale en ce qui concerne 1. construction et l'exploitation des usines 
thermiques ct des usines hydrauliques alimentees par des reservoirs. 


Cette innovation consiste principalement: 


- à augmenter dans la même proportion la production hydraulique et 
thermique; 

— à donner le choix au cycle thermique et aux caractéristiques de la 
vapeur qui donnent le maximum de rendement par une charge cons 


tante; 


— a bâtir les nouvelles usine lisdroclectrique pour la production d'éner 
wie de haute qualite, Сем à dire de façon à être capables de jouer un 
role d'usines de pointe pour le réglage de la fréquente; 


— à ajouter aux. installations hydrauliques existantes. de reservoirs heb- 
domadaires et journaliers d'une capacité adéquate pour augmenter la 
valeur de l'énergie produite. 


Un nouveau plan de developpement de: usines thermiques italien- 
nes a été bâti sur ces prémises, de façon à atteindre dans le 1955 une 
puissance totale de 2.500 MW environ; dans les aménagements hydrau- 
liques on à donne le choix à ceux qui sent pourvus de réservoirs et 
méme quelques unes des installations exitante» seront moditices de 
façon à servir comme usines de pointe. 


Dans le projet des nouvelles usines thermiques l'on a cru bon de 
ven tenir aux tendances des pays les plus avancés dans l'équipement 
thermique, en enant compte de la nécesité de pouvoir employer une 
large gamme de combustibles, depuis les charbons à faible pouvoir calo- 
rifique et à forte teneur en cendres et en matieres volatiles jusqu'aux 
charbons anthraciteux à pouvoir calorifique élevé et à faible teneur en 
matières volatiles, depuis les парс» demo jusqu'aux extradenses, de- 
puis le méthane sec au méthane humide. i 


Quant à la situation de usines, le choix a été fait en tenant compte 
de la conformation des réseaux de transport des différents Groupes. in- 
dustriels et de la position du "centre. de gravité des charges résiduzs", 
cest à dire du besoin d'énergie. des centies de comommation les plus 
éloignés des usines hydrauliques. 


C'est seulement à titre d'information qu'on signale ici les idées fon- 
damentales suivies dans le projet des nouvelles usines thermiques. ou 
des extensions d'usines existantes. 


"Toutes les usines sont situées sur la mer ou bien aux bords de riviè 
res ayant un débit tel à asurer — méme en cas d'un étiage exceptionnel 
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I 

— les fortes quantités: d'eau demandées bar la refrigeration des conden-: 

sun, sans besoin d'avoir recours aux coilteúx tclrigérants anos 

riques. E ; | 
La situation des usines a été choisie Taeun en proximité des cen- 

tres de consommation les plus importants, dins des places Чароты 

nement facile des combustibles ou en proximité des sources de methane. 


Les puissances uhitaires correspondent dux valeurs normalisces aux 
Etats-Unis et dans les Pays européens, t dire: 25 30; 50/60; 1007: 
120 MW, E 


Les caractéristiques de la vapeur de groupes nouveaux ont été cho 
sies en vue de la Чигее de marche des différentes usines et précisémertts | 
— pour les usines à utilisation moyenne (2000 à 3.000 heures par ah) | 

60 kg/cm? et 4820 Ei, | 
— pour les usines à utilisation élevée (plus de 3.000 heures par an): 
103 = 125 kg/cm? et 510 + 538°C, 


Le cycle de la vitpeur est à regeneration pour les usines à utilisa : 
uon moyenne; à régéhération et à résurchauffe pour les usines à utili. 
sation. élevée. [s 

Les systèmes de Hralement ont été choisis en vue de la facilité de 
ravitaillement et de la ‘convenience cconomique des différentes sortes de 


combustibles: charbon, парке et méthane. 
1 


Pour le charbon on a adopté le système já "charbon pulverisé à in | 


sultlation directe"; pour la naphte on emploie les brûleurs à atomisa- 
tion par la vapeur ou bien ceux à pousce mécanique; pour le méthane 
les brüleurs simples. ( 


Les chaudières sont toutes à circulation naturelle à irradiation avec 
de larges chambres del combustion entièrement tapisces d'écrans «еди. 

Toutes les chauditres sont pourvues d: chauffeur d'air (du tyl | 
Ljungström ou bien du type tubulaire), de хоц ситу de snie à 'apeur| | 
оп à air comprimé et ¡de dépoussiéreurs à cyclones multiples ou bien 


electrostatiques. | 
À 


Les turbo-alternateurs sont à 2 poles, correspondant à une vitesse 
de 3.000 t/min. pour 50 p/s, et la plupart des alternateurs sont refroidis 
à l'hydrogène. 0 

Dans les nouvelles usines on а adopté le јумёте "à commande cen | | 
tralisée" pour toutes 1 3 manoeuvres et les mesures, qui sont généralel! | 
ment coordonnées, concernant le réglage automatique du brülage, de la | 
température de la vapeur, de l'alimentation d'eau à la chaudière etc. 


Dans le but d'aplatir autant que posible les diagrammes hebdomal | : 
daire et journalier des charges et d'accroître en méme temps la capacité | | 
des réservoirs de régularisation, on est en trainide développer les stations | | 
de pompage, dont l'action est intermittente с complémentaire de celle) | : 
des usines génératrices; cest à dire que les stations de pompage sont des- 


i 


| 
í 
1 
| 
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lines à marcher aux heures de faible charge pour aplatir le diazgramme 

tt pour augmenter, aux heure de pointe, le debit utile, rexularisé par 

le. seservoirs. | 

En ce qui conerne les caracteristiques des chambres d'equilibre, des 
conduites forcée et de l'équipement! des usine destinées а marcher aux 
heures de pointe, c'est à dire des usines peurvues de réservoirs ade- 
quat, les regles fondamentales suivantes unt été données: 

1) proportionner les chambres коре d'une facon telle à permer 
tre une niche reguliere en Gre. de changements brusques de la 
charge, en prevovant aussi les cas de manoeuvres alterne de déclen- 
chement et de reprise de la charge en phase de resonance hydrau- 
lique; | 

2) proportionner les conduites forc cep — c'est à dire le diamétie optimum 
au point de vue économique — au débit de durce maximum, en ad- 
mettant d'atteindre, pour le debit de pointe, les valeurs limites de 
la vitesse de l'eau, consenties par le {уре de conduite; 

Y fixer Ja courbe caractéristique de rendement des turbines hydrauli- 
ques d'une Гасп telle à atteindre la valeur maximum du rendement 
moven pondere; 


4) adopter des régulateurs de vitese accelerotschimcuiques ou à sta- 
tise transitoite élevé et à amortissement rapide et des régulateurs 
de tension 4 action rapide; | 

5) établir pour les gencrateurs synchrones un rapport de court circuit 

* et un moment d'inertie élevés; | 

6) prescrire pour les générateurs ssnchrones et pour les transformateurs 
elévateurs une surcharge de 20%; ¡pour la durée d'une heure, en ad- 
mettant des hausses de température dans le ter et le cuivre qui, tout 
en étant au dchors des valeurs prévues par les règles du Comité Elec- 
uotechnique Italien, ne soient pas dangércuses, 


Là où il ne soit. pas posible de bâtir des réservoirs adéquats de ré- 
gularisation des charges hebdomadaires et journalières, il sera nécessaire 
d'avoir recours à des usines thermiques de pointe, c'est à dire adaptées 
a marcher à une charge variable et à supporter de brusques et fréquentes 
variations de puissance. | 
Ces usines la doivent étre dotées de dispositifs d'alimentation du com- 
bustible à action rapide et automatique, de chaudicres spéciales à cir- 
culation forcées ou contrôlée, de façon à consentir une marche intermit- 
tente à vaporisation rapidement variable, et de turbines à vapeur adap- 
tées à supporter les fortes et dangereuses différences de température 
qu'on a dans le cas de brusques et .réquentes variations de la charge. 

Les usines thermiques de pointe, non seulement sont continuelle. 
ment tourmentées par des efforts thermiques et dynamiques dangereux, 
mais conduisent à un coüt de l'énergie thermique sensiblement plus 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


6 


élesé que celui qu'on peut atteindre hat des usines theimique de base. 
Avant donc d'avoir recours a une telle solution, il sia bon d'évaluer 
l'avantage de confier à d'autres installations hydrauliques pourvue de 
séervoin, le rie de régularisation des installations dans lesquelles la créa- 


tion de réservoir» nc parait pas possible. 
Tout cela confirme la nécessité de bátir de nouveaux aménagements 


hydrauliques de haute qualité, c'est à dire donnant fe maximum de puis- 
since aux heures de charge maximum, ct d'ajouter aux installations 
existantes des réservairs hichdormadaires et journaliers pour augmenter la 
valeur de l'énergie qui y est produite. 


Кісі 


Les données fondamentales de Vindustrie électrique italienne sont 
signalécs et Jes tendances suivies en ltalic pour le développement des 
usines génératrices, pout la construction des nouvelles wines thermiques 
et pour une coordination rationnelle de la marche des usines thermi- 
ques et hydrauliques sont. indiquée. 


SUMMARY 


The fundamental data concerning the italian. electrical industry are 
given and the tines followed in Italy for the development of geuerating 
plant, the construction of new steam electric stations and for a rational 
coordinated. operation of hydro and steam electric stations are exposed. 


Resumo 


Os dados fundamentais da indústria elénica italiana são assinalados 
e se expõem as diretrizes seguidas para o desenvolvimento das usinas 
geradoras de energia elétrica, para а construção das novas usinas centrais 
termoelétricas e para uma racional evorlenagao de funcionamento em 
relação com ay centrais temmoclétricas. 


BIBLTOGRAPIHIL 


BERNI AMILCARE: "Produzione iemmoeletirica, produsinne idroelenica ed enegia 
di punta” ~ Riunione A. F. 1. 1955 


BOSELLI-PAUTRIE 
dell'esercizio" — Riunione А.Е. 


CASTELLANI CLAUDIO: "Progianma termoetettrico italiano" — Riunione A Е. 1953 


SEGRE: "И coordinamento рація ко dat punto di vista 
1. 1953 


CASTELLI FRANCO: "Orientamento delta tecnologia dctls grande produzione termo- 
elcticica" — Riunione A.E.I. 1953 


CAVALLINE GIUSEPPE: "Сопзійстацопі circa И proporsionamento economico. dell'in- 
tegrazione termica per una Arienda avente produzione prevalentemente idroc- 
letirica” — Riunione A. E. I. 1955 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


00809A000500640295-2 


= = 
2 = 


7 


DE QUERQUIS MARIO: “Esetcirio ed utilizzarione delle [се 
parallelo genesale con impianti idrocleturic in ung 
€ di distriburionc di encrgia” — Riunione A. E. 1 | 1958) 


trali termoelettriche nel 
nde tete di produzione 


ione e dell'esercizio delle 
кл. 1953 


MAINARDIS MARIO: “Cocrdinamento funzionale delle qentrali idrocleuriche e ter- 
moelettriche" — Aiurionc A. PT 1. 1953 | Fe 


LEARDINI ТЕО: "Caratteristiche fundameniali della суш 
centrali tenniche di base e di punta" — Riunione 


1 
1 
MAINARDIS MARIO: Trattato sulle “Centrali Elettrici 


Ed. Hoepti Milano — 
1952 — Pag. 705. 


Approved For Release 2005/06/07 : CIA-RD 7 0-00809A000500640295-2 
| 
| | 
| 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


25X1 


CONFERÉNCIA MUNDIAL DA ENERGIA Título 1 
WORLO POWER CONFERENCE Assunto 1.1 


REUNIÃO PARCIAL 
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HYDRO-ELECTRIC POWER STATIONS IN 
THE FAROY ISLANDS (DENMARK) 


By STENILD HJCRTH 
b Sc, Caoennagen 


DANISH NATIONAL COMMITTEE 


1. GROUND, CLIMATE, POPULATION AND TRADES 


In a remote situation in the North Atlantic, some 185 miles north- 
west of the Shetlands and. about 280 miles south-east of Iceland, the 
eighteen inhabited islands and numerous islets ol the Faroes rise steeply 
out of the sea with their grosgrown rocks. The islands, whose total 
area is no more than 540 sq.miles, are of volcanic origin. cousisting 
of basalt strata of Java alternating with thin tuff strata. lu many ways, 
Nature is hard on these pompous ruins of a former volcinic landscape. 
A lowering of the ground, caused partially by the thrust of the ice in 
the glacial epoch, has allowed the sea to swallow up steep valleys, form- 
ing deep sounds and fjords. The turbulent sea has bombarded the rocky 
cousts, undermining them with caves and making exposed promantories 
collapse into the Осера. The island lie, as it were, crouching, arching 
their back to the west where the erosion. of the sea has created verti- 
cal walls of rock up to 2450 ft. in height. And trom inside, the rain, 
filling in such abundant quantities over those steep rocky islands in the 
middle of the route of the Gulf Stream, Ва» contributed towards their 
destruction by seeping through cracks in the basalt and breaking it up 
when the frost sets in, and by forming gushing cataracts carrying earth, 
gravel and pebbles along on their short, but violent, flow to the sea. 
Also wind and weather attack the rocks; the loose tuff crumbles, draw- 
ing with it the hard basalt, the precipitations of which form inclines to 
the east with the stepped “hammers” so characteristic of the Faroes. 

This grand geological drama has created a small archipelago of 
great natural beauty but Jow yielding power, a group of long«lrawn, 
steep isles, the highest peaks of which are barren, wind-blawn plateaus 
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of administration, might be resorted to lor the rarer and more particular, 
imported necessities. Even if few of the islands were then selisufticient 
in grain, the importes of food were small, corresponding to modest exports, 
chiefly of wool and knitted woolens. Am essential proportion of the 
farm population had, however, to supplement its income from farming 
by “home fishing” trom rowboat. 

In the course ol the nineteenth century, however, the Faroe islands 
became subjete to à development which shifted the point of gravity. of 
the trades: from farming to fisting. his has in many wis changed 
comiderably the lite conditions and outlook of the population, At the 
dose of the nineteenth century, the Faroe started deep-sea fishing 
from cutters, especially around Iceland, and this fishery soon became the 
main trade of the islands and is still playing a considerable part beside 
the more industrialised fishing from trawlers ol up to 650 tons registered 
Kloss tonnage and crews of up to 45 men which was begun after World 
War II. At Uie same time the Faroese are constantly seeking new fishing 
grounds — the sex mound the Faroe Islands being utilised by British 
and other foreign fishermen — lately especially ihe sea off North Norway, 
Bear Island and Greenland. Also the industrial fishing ol big whales from 
whale stations ashore has been манап in the last decades, 

The ever нете intensive fishing has resulted in a dritt of young 
labour away from agriculture, whose grain growing. cte., has therefore 
been decreasing continuously, and away [rom the small and nost remotely 
situated farming settlements to Thorshavn (which has now between 5.000 
and 6,000 inhabitants) and a lew well situated small towns, which have 
developed into fishing and nading ports (each. with à few thousand in. 
habitants), partially wirh a little industry, such as Klaksvig to the north, 
I ta and Vaag to the south and Vestininna to the west. The one. 
sided trade development has made the Faroe Islands dependent in an 
ever higher degree on exportation, particularly of salted lish and split 
cod. The produce ec onomy has been replaced by à pecuniary economy, 
and that one in tun by à pronounced credit ce onomy, by which crews, 
suppliers and savers — and in later years abo, as before World War II, 
the Danish State — grant credits of an appreciable extent to shipowners 
and exporters, 

"Fhis development has meant much progress to the Faroese, such as 
a higher standard of living, less strenuous and tedious work, more 
diversion and а better outlook, "This progress is reflected in the increase 
in the total population trom about 5,000 in 1801 to well ever 30,000 in 
1950, But at the same time this development involves certain risks, 

Phe entire economy of this insular community has become funda- 
mentally dependent on the Pies on the world market of the few export 
articles: salted fish, split cod, fresh fish do Great Britain) and whale 
products, and the Faroes have thas sailed inte the tide of international 
marker Huctuations. ‘Chis tide currieel the Faroes ap to an economia 
(зем during and tight atter World War VH, but in Euer seus the small 


` 
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community has found ipelt in an economic trough, shattered by heavy 
seas. Simultaneously, agriculture, which may form a natural trade reserv 
when times are bad for fishing, has been neglected and the small tarni- 
ing villages have been partially depopulated. 

Thus, the Faroes are faced with a number of problems relating to 
population, trade policy and economy, and these problems call for a joint 
solution on the basis of considerations taking account of all these things: 

How, lor instance, would it be possible to avoid the one-sided 
dependence on the price fluctuations on the world market of a few 
export articles? 

How would it be possible to create chances of occupation by further 
preparation ov different preparation. of the fish which today is being 
exported fresh, salted or as split cod? 

How would it be possible to utilise the increasing shoals of herrings 
occurring around the Faroes in later years? 

Could occupation be found ashore for the tishing crews in the slack 
periods of fishing? 

Could industries be established in the Faroes to make up for the large 
amounts of loreign currency which Faroese lishing: vessels have to pay to 


foreign shipyards? 

Could other, new industries be established in the Faroes? 

What steps could be taken to stop or check the depopulation of the 
firing: villages? 

These and similar problems cannot be solved by any one single men- 
sure but require а joint ellort through many different channels. 

Among such measures. ах may contribute permanently towards the 
solution of these problems, and at the same time bring about easements 
and advantages to the greater part ol the Faroese population, are the 
plans of recent years, which have already been realised. in part, for 
electiification ob the Faroes on a grand scale through i combined untsi- 
don ol natural water power and diesel power. 

These plans have made their greatest. progress hr respect of Thor- 
»havn and Klaksvig. At the dormer place a new diesel electric power sta- 
tion of E200 HP was completed in. 1951. At Klaksvig and old hydro- 
electric power station wis extended substantially in the scars around 1950 
and combined with a diesel power plant. On Suders, where an old and 
now absolutely inadequate hydioelectiii power station at Vaag is being 
temporarily supplemented by а smaller diesel eclectic power station at 
"viera, plans are alloat for the puitingup ol a new hydro-electric power 
station which, in conjunction. with a modernisation ol the old station 
would mike it possible to cover the ап requirements of electricity. 
Finally, the inunicipalities of the three Lage islands of Strennçꝰ. Os- 
tera (Eastern Island) and: Ving have formed an intemmunicipal coope- 
rative company, SEV (irom the initials of the islands, which in a few 
months will have completed the first lap of the largest aggregate plant 
of the Kaos so fari а electric power station at Vestmann: on 
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Surging. This plant to supply electric power lor all three islands via 
zn extensive hightension network (partially in co-operation with the 
diesel plant at Thorshavn). 

Before the establishment of these new power stations the supply of 
electricity of the Faroes was very deficient. Only ‘Chorshavn and the 
aforementtioned larger settlements. were supplied with electricity from 
fairly up-to-date works, and even in these places the production of electri- 
City was insufficient and too expensive. The rest of the population still 
has to rely on kerosene and carbide lamps or electric current provided by 
а Jew small and primitive works. The majority of the Faroese industrial 
concerns in the few settlements with fairly modern works cither have to 
| work without mechanical power or, in certain cases, instal their own 
sinall power plant for¡the purpose, possibly as a supplement. 

When the developinent in the Faroes has got no further in this fields, 
this is due to geographical as well as financial conditions. The nature of 
the islands is magni ent, However, it is difficult to bring the barren 
soil under cultivation, and from the times when darming was the predo- 
minant trade, with a little fishing as an extra source of income, it has 
been necessary for the! population to settle in а great number of small 
| settlements, all situated on the coast and often. having but a few hundred 
| inhabitants. The great idistances between these settlements, with narrow, 
| breakneck mountain path as their only means of communication, apart 
from the aca, have tended to retard the progress of technology. Besides, 
| he produce economy ando the modest standard ot living обе small 
| settlements reduced the needs and the chances of establishing а more 
| comprehensive, modern. supply of electricity. It should also be borne in 
mind that the objective, difficult conditions of the ground as well as the 
jsubjective difficulties. which so easily arise in isolated. settlements. with 
fit strong individual selfassertion have presented serious obstacles to 
| overcome in the attempts at finding a joint solution. 

| With the continuous disintegration of the produce economy and the 
great improvement in the standard of living in the vears about World 
War II. the inhabitants. of. the settlements, however, became interested 
in the supply ol electricity for the households. Whilst this elemeut y 
desire in the populition for greater domestic convenience through electric 
¡lights in replacement. otf: the kerosene and carbide lamps, electric power 
Hor radios and. other installations and electric heating in replacement of 
the troublesome peat Hring (the houses have to be heated all the your 
round) may primarily have been instrumental in creating the cooperation 
between the many small setdements whieh made possible the establish- 
ment of SEV, the importance ol producing cheap power for industry 
has come ever more to the tore. [tis costly 10 dreight coal or oil to the 
aroes and unload. it there, and this tact reduces the chances ot establish- 
ing competitive Faroese! industries, Onls with cheap electric power will 
the development of the Faroese industry have a chance. As already suggest- 
ed, there is much to indicate that with the keen competition on the world 
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market it may be decisive for the Faroes whether it will be possible there 


to expand the production of artificially dried split cod; take up other 
fish productions ‘such as flash-frozen fillets, canned fish, and bait herr- 
ings; improve the storage facilities through electrically operated cold 
stores; and save considerable amounts of foreign currency by providing 
for repairs and classification in the Faroes of Faroese trawlers. By such 
means a well planned electrification would bring about an improved 
trade balance and a better chance of self-financing of the Faroes, 


П. THE HYDRO-ELECTRIC POWER STATION AT FOSSAA 


Hydro-electric plant. For supplying the three principal islands of 
Strgmo, Gsterg and Vaagg with hydro- "electric power, there are several 
considerable waterfalls, the prospective annual capacity of which estimat- 
ed ac 30 to 40 mill. kWh. 

After thourough investigations it has now been decided to build at 
Vestmanna, in the first instance, a hydro-electric power station designed 
for an annual capacity of about 8 mill. kWh, Fig. | (Fossil). This plant 
will utilise the water from the Fossaa, two reservoirs being erected about 
820 П, above the sea, viz. the main reservoir at Малі, designed to hold 
1484 mill. cu.ft. of water, and the take-in reservoir to the south of 
Майна, designed to hold 25 mill. cu.ft. of water. Both reservoirs take the 
water from a rainfall area of about 2,965 acres, within which an annual 
precipitation of 98% to 118" may be counted on. 

From the take-in reservoir an about 4,000 ft. long tunnel of 
0" 10 14/160" x 76 9/16" cross section is led to two downpipes, one for 
each turbine, The tunnel is 10 be blisted through the mountain, and 
this work will cal! for the blasting of some 280,000 cu.ft. of solid rock. 
The downpipes are made of welded steel tubing, and they are run. tog- 
ether from the equalising shaft at the end of the rock-blasted tunnel down 
to the power station. Ihe diameters of the pipes are 2' 3 9/16" and 
2 31 7/16", respectively. corresponding to the turbine size, 

Ihe pipes are terminated at the power station in а heavy concrete 
structure and from there passed through а hydraulically operated stop 
valve into the power station proper, which is built in reinforced concrete 
and where, in the first instance, a 3,000 UP Pelton turbine is installed, 
provision being made for the future erection ol a 5,000 HP turbine. 

In the first instance a 3,000 HP Pelton turbine running at 600 RPM 
is installed. A 3,000 EVA flywheel generator, % x 6 KV, will be coupled to 
the turbine. With this turbine an annual output ex works of 8 million 
kWh is expected, corresponding to delivery to the consumers of 7 million 
kWh. By taking into use a larger rainfall area near Vatnid — Mytarna — 
and the erection ol. another turbine, of 5,000. HP, the capacity of. the 
plant could be increased to about 15 million kWh per annum. 

From the generator a (kV cable will be run to a main transformer 
station, 6/20 AV, from which bus-bars are run to the 20 KV. switchgear. 
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The plant will be made as zn open plant with standard oil switches for 
а short-circuiting effect of 125 MVA. It will be built in two stories with 
engine cubicles on the ground floor and cable cubicles on the first floor. 
From the station will be run three, later five, 20-KV distributor mains. 

The control panel will be in ordinary steelplate design with flush- 
mounted instruments. The pilot current will be supplied by a special 
operating battery which is kept charged by a rectifier. 

A machinist and a reliever-will be able to take care of the daily runn- 
ing, the plant being equipped with alarm and control installations, so 
that ic will be unnecessary for attendants to be present all the while, see- 
ing that warning can be given to the attendant’s house, which is situated 
close to the power station. 

In the power station the water level in the lower reservoir is distant- 
measured, and the drain valve in the upper dam is designed tor remote- 
operation from the power station. 


The expenses for the construction of the plant described above will 
amount. to about 8.5 million kroner, 


IT, LINE SYSTEM AND TRANSFORMER STV PIONS 


The district to be served by the power station comprises, as already 
mentioned, the three largest islands of the greup: Strgmæ, (tere and 
Vaage- 

Some. 12,000 persons live in this district, besides the about 6,000 
inhabitants of Thorshavn. About 4,000 households are figured on within 
the district to be supplied with electricity. The electricity is to be used for 
lighting power and heating. “The heating purposes which may come into 
consideration are electric cooking and partial heating of dwelling houses. 
It is thus estimated that in a few years the total consumption will reach 
2,500 ta 3,000 kWh a усаг per household, or altogether 10 to 12 million 
kWh, to which will have to be added an industrial consumption estimated 
it 3 0r 3 million KWh. 

For the distribution of this energy а 20-kV high-tension system have 
ing um extent of about 210 miles, to which about 40 transformer sube 
stations will be linked up, will be put up in the first instance, Later 
on a further, H2mile, high-tension system with about 20 transformer 
substations may be put up, and, finally, co-operation will be established 
with the diesel plant ac Thorshavn (2x 600 HP), which may later be 
extended by a 1,500 HP diesel engine. 

The primary distribution voltage will be 20 KV and. the secondary 
distribution. voltage 3 x 380/220. volts. 

Fhe higletension lines will be made of 3x 25 sq.inm copper and 
run où wooden pales. with triangular mountings and puncture prool 
insulators tor 125/05-kV. (lash-over voltage. 

A deep fjord runs between Siping and Vaagé, and the connection 
between these two islands is made with an about 2.4 miles long over- 
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head span suspended from the high walls of rock. As material lor this 
line is used а copperconted steel cable (Copperweld) having a breaking 
strength of about 12 tons. 

The connection between Strome and ster is likewise passed 
‘ross one of the deep fjords by an about 820 ft. long span on about 
66 ft. high poles; the ground conditions at this place cannot be utilised 
as in the case of the connection Strgmp- Vanga. 

One or two transformer sub-stations are erected in each. seulement 
and transformers of sizes 50-150 КУА are installed, as required. The 
sub-stations are made either as closed, galvanised steel towers or as pole 
stations, that is, stations in which the transformers. which are all supplied 
in outdoor design, are arranged about 16 It. above ground level. and 
there connected up to the 20kV overhead lines through partitions and 
fuses which can be served from a platform, whereas attendance on the 
low-tension side takes place on the ground through the switches with 
fuses arranged at a suitable level. 

The low-tension networks are carried: on about 28 ft. wooden poles 
of ordinary design. The line system are dimensioned on the basis of an 
estimated connection, for which: account is taken not only of the ordinary 
lighting consumption but also of the heating and cooking consumption, 
из well as special. power consumption. Accordingly, the low-tension lines 
in the districts nearest the transformer are usually made as 25 and 35 
љалл copper leads and in the extreme districts as 16 and 25 sq:mm 
copper leads. Normally, no consumer will be more than one mile away 
from the translormer sub-station from which he is to be served. To every 
house — except the smallest ones — two phases and neutral are run, on 
account ol the cooking and heating: to greater consumers. three phases 
and neutral are run. 

In nearly all settlements, street lighting will be introduced. This is 
very important because in winter the daylight lasts only 5 or 6 hours. 
The street lighting is put on and off by a photoclectrically operated 
automatic device. 

The first соч for hightension networks. tramstormer substations, 
low-tensions networks and meters will amount to about 6.5 million kro- 
ner for the plant to be put up in the fist. instance. 


IV. ORGANISATION AND FINANCING 


The SEV Company is an intermunicipal co-operative company, com- 
prising 20 member municipalities which are served from the Company's 
power station (2,000 KW) and line system. Moreover, co-operation is 
established between: the Company's power station and the previously 
mentioned electricity works at Thorshavn, where two diesel. engines 
with а total output of ROO KW are installed. 

The number of inhabitants in the district to whieh the Company 
is to supply electricity is about 18,000 CUhorshava included), diuributed 
an about 4,000. households. 
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, The initial cost of the plant to be put up in the first instance is 
about 8.5 million kroner for 
hydraulic engineering plant and about 6.5 million. kroner for high- 
tension network, transformer sub-stations, low-tension networks and 


я estimated at about 15 million kroner, viz 


meters. 


The larger proportion of the first coast will be provided as follows: 


Loan from the Danish State 7 mill kr. 
s " local savings bank PN 
Cash deposits from the municipalities, about ] * 
Marshall aid... X PEDE poe lem 
Bond loan .:..,......,..,.. ca pde n Be UMA US 


n 


Through negotiations with the State Authorities and the Lagting a 
financing scheme has been prepared which will make it possible to get 
through the first years where only 66%, connection and а comparatively 
small annual consumption of about 1,000 KW per annum per household 
аге counted. on; with increasing consumption it is reckoned that at the 
end of the First five years the connection will be 80-857 and the annual 
consumption per household 2,500 kWh. 


V. ACCOUNTING 


The electricity supplied to the consumers is proposed to be paid 
for on the basis of excessive consumption meters to be set at a certain 
subscribed. effect corresponding to the size of the property. Besides the 
basis fee, it is suggested. that an орис [ee of 100 kroner a year per 
subscribed kilowatt should be paid. 

The energy of which delivery is taken is proposed to be paid. for 
by 10 are per KWh for energy taken below the subscribed. elect and by 
dO que per KWh for energy taken above the subscribed effect, 

Hodie Board of SEV adopt these proposals, a normal household 
having an annual consumption (lighting, partial house-heating, and cook- 
ing) of 1,200 kWh will have an annual expense for electricity amounting 
to about 360 Kroner, or 30 gre per RW. For the same household with 
ай annl consumption of 2,500 kWh. this annual expenditure will be 
about 500 kroner, equivalent to 20 gre per kWh. 

According to information from the Faroes, the present annual expen- 
diture is 500 to 600 kroner with the use ol kerosene for the same pan pose, 
and about 500 kroner with the use oi: oil gas. 

For industries with larger. consumptions, special tariffs. will be 
worked out. i 


The work on the plants. described: here was begun in 1951 and is 
expected to be accomplished. in time tor the plants to he put into use 
at the end of (055. 
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It may seem unreasonable to invest such large sums ina plant for 
serving а population of about 18,000 people only. However, when one 
‘has seen the many primitive plants, which even are expensive in operation, 
| now serving the greater settlements and capable of supplying only poor 
¡electric lighting, while a public supply of electricity is wanting for 
industries such as canning factories, cold stores, fish-drying plant, wool 
spinning mills and many other concerns, one understands why the Faroese 
have pow gathered. all good forces to carry trough the Fossia plant. 

| ‘The Danish State has, as already mentioned, desired to encourage 
арааг trade and industry by providing considerable financial support 


“af the plant. 


| Finally, the linancial aid granted for the plant through a Marshall 
oan of 3 million kroner, or about 20 per cent. of the total first cost, 
i should be remembered and appreciated. 
i The abovementioned hydraulic engineering work has been planned 
‘and carried out by A/S Hgjgaard & Schultz, Copenhagen, in co-operation 
with. Skanska Cementgjuteriet, of Malmö. 

The electrical equipment has been designed by the engineering 
firm lof P.A. Pedersen, Copenhagen, and carried owi essentially by 
Danish firms and suppliers. The turbine was supplied by Maier, Brack- 


pwede jin Germany in cooperation with A/S Siemens, Copenhagen. 


| 
| SUMMARY 


‘The article describes the arrangement and design of an 8.000. HP 


i hycdio-electric power station for the Danish county of the Faroes, situated 


in the North Atlantic, giving an account of: 


А 
1. ‘The climate and the population of the islands, as well as the trades: 
primarily deepsea fishery. 
2. The hydro-electric power plant which is in the course of construction 
near the settlement of Vestmanna on Strome. In the first instance, 
it will comprise a 3,000 HP Pelton turbine designed for a height ol 
the waterfall of 720 It. Further, space is provided for a 5,000 HP 
turbine, alter the installation of which the annual output of the 
plant will be 15 million kWh. 
3. The line system and transformer equipment for the supply of electric- 
ity to about 3,000 households, industries, ete., and comprising about 
85 miles of high-tension overhead line and 40 transformer substations. 
+. The organisation and financing. The Company is an intermunicipal 
co-operative society. The initial cost is caleulited at 15 million kro- 
ner, of which Danish State investments will amount to 7 millions, 
while the Marshall Aid will contribute & million kroner as à gilt. 
The balance, 5 million. kroner, will be contributed Dy local authoir- 
ities and savings bands. 


i 
| 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


ar 


Squaring of consumers” accounts, which is done partly by the pay- 
ment of fixed dues to cover the capital outlay and partly by the 
payment of 10 gre per kWh consumed. An ordinary| household will 
then have an annual expenditure of about 500 kroner with an annual 
consumption of 2,500 kWh for lighting and cooking. |The plant will 
be put in service towards the end of 1953. 


RÉSUMÉ 


L'article donnant une description de la disposition etide la construc- 
tion d'une centrale hydro-électrique de 8000 CV pour le: département 
danois des iles Féroé situées dans le Nord de l'Atlantique, contient un 
compte-rendu des points suivants: 


1. Le climat des iles la population et ses professions, pricipalement lo 
péche maritime. 
2. L'installation hydro-électrique en construction prés de Vagglomera- 
tion de: Vestmanna sur Vile de Strgmg. La premiére installation 
comprend une turbine Pelton de 3000 CV prévue pour une chute 
d'eau de 220 m, avec la place disponible pour une turbine de 5000 CV; 
aprés l'installation de celle-ci, là capacité totale annuelle de la cen- 
trale sera de 15 millions de kWh. 
3. Les installations de câbles et de transformateurs pour Vapprovision- 
nement d'environ 3000 ménages, de l'industrie, ect., comprenant 
environ 130 km de cáble aérien de haute tension ct 40 postes de 
transformateurs. 
+. L'organisation et le financement. La société est une! société coapé- 
rative intermunicipale. Les frais d'installation. ont été calculés à 
15 millions de couronnes, dont l'État danois apporte) 7 millioifs de 
couronnes, l'Aide Marshall 3 millions de couronnes À titre de don, 
tandis que le solde, soit 5 millions de couronnes, ext apporté par les 
communes et les caisses d'épargne. 
5. Le règlement des paiements des consommateurs, qui se fait soit par 
le paieinent de droits Fixes pour le service des capitaux "investis, soit 
par le paiement de 10 gre par kWh consommé. Un ménage normal 
aura alors à payer un montant annuel d'environ 500 couronnes pour 
une consommation annuelle de 2500 kWh pour l'éclairage et la 
cuisine. — L'installation sera mise en service vers la fin de 1953. 
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CONFERENCIA MUNDIAL DA ENERGIA 
WORLD POWER CONFERENCE 


REUNIAO PARCIAL 
SECTIONAL MEETING 
Rio de Janeiro — 1954 : 


THE USE OF WIND ENERGY Е 
GENERATING ELECTRIC CURR 


IN WESTERN GERMANY | 


Ey U. HUTTER 


NATIONAL COMMITTEE OF THE GERMANY FEDERAL REPUBLIC 


А 


The invention of. the internal combustion engine and! 


the in- 


crease in public power lines caused, within less than 20 years, the 
abandonment of almost 27 000 large windmills which at thel turn 
of the century had still been grinding almost the entire g ain har- 


vested in Holland, Denmark, and the low countries of Norther 
many. 


Although between 1900 and 1930, 8 to 10 small апа me 


: Ger- 


jum 


sized manufacturers /1/, primarily in Saxony and Sleswigg-Hol tein, 
had built around 3 600 steel wind turbines for driving generators 
and water pumps according to the American type, the decline in 
the use of windmills continued, since after a short ascent the pro- 
duction figures decreased after 1912 so considerably that almost all 

manufacturers in Germany were forced to discontinue the production 


of such machines. 


The multiblade sheet metal turbines shown for the first: time 
at the World's Fair in Philadelphia in 1876 with the relatively; small 
circular sweep of their turbine wheels of 6 to 30 m? cons itu ed a 
technical retrogression as compared with the windmills with. their 
four-blade propellers of 18 to 24 m diameter, which were] running 


ur 


faster and had a circular sweep of 250 to 450 m:, and which had 


been developed by centuries of practical experience. | 


In spite of this they later attained world-wide use especial for 


1 


tances wind motors can be used to advantage for certain 


pumping water for farms, which shows that under certain E ums- 


purposes in place of other driving systems, even though 75 р 
of technical progress had passed by them almost without nace: 


As an example of their wide spread use, it тау be me 


ited 
enrs 


ntioned 


that, according to the statements of the Agricultural College at Glenn 


near Bloemfontain, 77000 small wind pumps were counte 


merely 
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on farms of the South-African Union alone. Many of these farms 
have several such wind motors to pamp as much ground water as 
possible to the surface. 

High speed turbines in which the ratio of the top speed of the 
blades to the speed of the undisturbed wind current (maximum 


speed 4ʒ و‎ is 6 to 8, have so far been built only of relatively 
v 

small dimensions (circular sweep of 7 to 18 m?) for driving low 

tension generators and were тийе primarily in the United States 

frum where they were exported all over the worid. 

These so-called wind chargers were developed in the ‘Twent- 
ies for charging batteries of radios, and today several hundreds of 
thousands of them are in use the world over. The owners of these 
small machines often used the batteries charged by them for illumi- 
nating their homes and driving small household apparatus. However. 
unless the existing wind conditions are unusually favorable — which 
is rarely found —, the full amount of current required by medium 
sized farms can hardly ever be furnished by machines of this size. 

If machines are to be built of larger size, the respective forces, 
the masses to be moved, and the varying action of the wind as it 
affects the machine, also increase considerably, necessitating such 
high demands on the controlling accuracy, multiple control mecha- 
nisms, quietness of operation, etc, that only an entirely new 
kind of machine of а more differential type and resulting from a 
thorough systematic research can satisfy all the necessary requi- 
rements. 

In Germany, it had been recognized at an early date that wind 
energy could furnish a worth-while part of the world energy only 
if the units to be built were of at least the same dimensions as those 
of the old windmills. 

Immediately after the First World War, K. Bilau applied the 
latest knowledge of aerodynamics of airplane wings to windmills 
which had not yet been destroyed or which had been rebuilt for 
motor operation. By streamlining the windmill blades with sheet 
metal coverings, he succeeded in improving the efficiency of old mill 
wheels by more than 60': and in reising the maximum speed from 
1.7 to 3.5, that is by 106%; /2/. Then, however, he had to face the 
problem of finding a much faster acting control than was used on 
the old windmills. After experimenting unsuccessfully with large 
wheels which were stopped by pivotable tangential interference 
surfaces, he finally found the solution in a turning stern (Fig. 1) 
which was pivotable about an axis parallel to the longitudinal axis 
of the blade. This solution turned out well and saved many beaut- 
iful old windmills from being dismantled. Bilau also erected expe- 
rimental wind power plants on a farm in East Prussia and later in 
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Southern England, and there he carried out tests of new types of 
wind motors with tubular steel towers and propellers with a 
maximum speed of 3 and 4.5. 

Bilau's power plants possessed all the more up-to-date features 
of the machines which had been recently developed. A streamlined 
nacelie containing the gear transmission and the generator for pro- 
ducing the electric current was rotatably mounted on a tower of 
tubular steel braced by cables. Unfortunately, Bilau's experiments 
did not lead to an actual production of his electric plants of 8 to 12m 
diameter (Fig. 2), probably hecause he had not as yet mastered the 


Fig. 1 — Dutch wind mill two blades of which are equipped with ''Dilau-Venti'" edges 
and “Drehhecks (rotatable trailing edges}. 


difficulty of building the fast running blades of the required 
solidity and also those encountered by the electrical equipment of 
the plants. É 

Major Bilau was employed in 1939 as an advisor of the newly 
founded Ventimotor Company in Weimar. Tthis company planned 
to develop wind power plants for generating electric current and 
for pumping water. Its founders, W. Schieber and A. Fleischmann, 
hoped by combining experiences gained with existing wind power 
plants with the most recent knowledge of aerodynamics and electrical 
and constructional engineering to arrive at à auick and practical 
solution. Work was begun with the creation of a large and well 
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equipped testing ground for the power plants, wher 10 well tried models 
of customary construction, particulary those of Stahlwind of Dresden 
und Kóster of Heide in Molstein were er ected, and where s small wind 
chargers of American and Dutch manufacture were aiso tested. 
The equipment of the testing ground permitted the energy produced 
by the plants to be used either for generating direct or alternating 
current, or for operating water pumps of а circulatory systern. 
Just one year after the company was founde it was able to 
try out propellers of its own design on the e isting towers and to 
test them in various wind tunnels. Propellers ¡of new shape and 


Fig. 2 — Test plant of 9 m diameter by К. Bil 1924, 


| 
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profile produced coefficients, that is, degrees of efficiency, which 
were better than any cf the values which had been obtained up to 
that tine. 

A plant with a propeller diameter of 10m was provided with 
a purely electrical control /3/, and a plant of 7m propeller diameter 
was connected in parallel with the public power lines of the city 
of Weimar and thus operated for an entire year. At the end of the 
war in 1945, six wind power plants (Fig. 3) were running on the 
test ground, the largest having a diameter of 18m, a maximum 
speed А = 6, a tower height of 30m, and an installed power of 
50 kW /4/. 


Fig. 3 — Test field of Ventimotor G.m.b.H. Weimar 1943. From rigth to left: 10 kW 
D.C. plant of 10 m diameter with fully electric control, 50 kW plant of 1d m diameter 
with mechanical control, “Stahiwind'"' plant of 7.2 m diameter for parallel operation 


tests, Koster“ wind-driven pump of 7 m diameter. 


Also in preparation was the project of a plant with a 40m 
propeller diameter and an installed power output of 500 kW which 
was to be erected on the Inselsberg in the Thuringian Forest. The 
engines, the tower, and the propeliers had already been ordered 
when operations had to be discontinued due to the outcome of 
the war. 

However, after the war, engineers of the former Ventimotor 
Company continued their research and the development of wind 
power plants at the Allgaier Company at Uhingen in Wuerttemberg, 
and the Pleuger Company at Hamburg. 
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In 1940, the Porsche Company at Stuttgart-Zuffenhausen also 
engaged in the development of wind power lenta: 

After only short preliminary; tests, a two-bladed test propeller 
of 3.4m diameter was tried out) After comple ing a series of expe- 
riments in the wind tunnels of the research institute for automobile 
engines and vehicles at Stuttgart to determine the most suitable 
shape of the blades and the storm safety appliances, a plant with 
a four-blade propeller of 7.2m diameter was tested on the grounds 
of the Agricultural College at Stuttgart-Hohenheim. This plant was 
equipped with a hydraulic mechanism for contralling the pitch of 
the blades and has in four years of operation withstood) wind 
velocities of up to 44 m/sec, without damage. 

On the basis of the experience gained with this plant, a machine 
was built for production in smal lots, with an installed power 
output of 10 kW, a tower height of 19.6 m, a diameter of the three- 
bladed propeller of 9.2 m, and a maximum speed Of A «= 7 (Fig. 4). 
The plant was equipped with a two-step spur gear transmission and 
a differentially compounded direct current engine for a rated 
output of 110 V. Its total weight| was 2 000 kg. 


IA-RDP80-00809A00050064029 


The Porsche plant had been 


| the first to try, especially by an 


improved blade design, to develop a machine 
for production in greater numbers. The blades 


which was suitable 
ere made of simple 


curved sheils of sheet rnetal which were secured'to each other by 
a special sport welding process. | ; 

Unfortunately, after the endjof the ҹаг, | this research work 
of the Porsche Company was likewise discontinued. 

At about the same time the Reichsarbeitsgemeinscharft 
Windkraft (RAW) (German Wind: Power Research Society) was 
founded which by recording and; evaluating rior experiences on 
wind power plants intended to establish a basis for future develop- 
ments of its own. Aside from theoretical works of Kleinheinz 
concerning the most suitable d sign of large wind power plants 
with towers of 250m height, propeller diameters of 130 m, and an 
installed power output of 20000:kW, which was to be obtained 
at a wind velocity of 17 m/sec. M but which! for obvious reasons 
never led to the actual constructión of any plant, the RAW primari- 
ly supported the practical research carried but by Kônig and 
Teubert. E | 

С. Kónig, working for Hein, Lehmann &! Comp. at Berlin, 
developed wind power plants with ;propeller diámeters of 10 m and 
an installed power output of 5 kW, which were exposed to the 
wind on braced lattice towers ofi 10 to 30m height (Fig. 5) /6/. 
Kénig who, aside from constructing this plant,| delved deeply. into 
the problems of the efficiency of wind energy o la large scale basis 
also developed a control method in which; by means of a centrifugal 
governor of ample size which was rotating al the speed of the 


1 
1 
i 
1 
| 
| 


3 5 
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Benerator, the wing blades were directly adjusted about their lon- 
gitudinal axes by a rod mechanism. By adjusting the pitch of the 
blades, Kànig was able to restrict the variation of the speed of his 
plant to . 35; even at strongly gusty winds, provided the wind 
velocity was sufficient to obtain the rated speea at the respective 
load. 

In 1932, a hook by H. Honnef was published which dealt with 
the possibilities of utilizing the powerful uir currents at 200 to 


vu 


Fig. 4 — Porsche 10 kW wind power plant of 9.2 m diameter, 1944, 


400m above the carth’s surface /7/. Honnef, a designer of steel 
towers, in building the radio towers at Berlin and Kónigswuster- 
hausen, for static reasons, had to deal with the distribution of the 
wind velocities at such heights. From extensive meteorological data 
collected at this occasion, as well as from his own observations, he 
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reached the conclusion that wind power plants could be used on a iji 
large scale for the production of energy if they were built of ili 
sufficiently large dimensions and at a sufficient height above the : | 
ground. This book, although only intended аз a theoretical work, NE 
found wide-spread attention and did a good deal to popularize again 
the idea of utilizing the energy of the wind. | 


Fig. 5 — ''Konig/Ringer'' 5 kW plant of 10 m diameter at Bornim near Potsdam, 1943. 12 4 


In 1940, with the support of the German government, he built 
at Bótzow, north-west of Berlin, an experimental station for testing ; 
large scale models of his high altitude power plants. Several plants | 
with a tower height of ир to 37 m, a propeller diameter of 9 m, and | 
an installed power output of up 20 kW with the characteristic ring ur 
generators proposed by Honnef were tested (Fig. 6). In the turnmoi! nd 
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at the end of the war, parts of a larger test plant which had been 
under construction, were destroyed. 
F. Teubert, an associate of H. Honnef before the Second World 
War, also developed at the Gute Hoffnunushütte high speed electric 
plants with adjustable pitch propellers //. His first plant at Rhone 


EI 


Fig. 6 — Test tieid Honnef at Dotzow near Berlin. 


in the Northern Haz Mountains had a four-bladed propeller of 
8m diameter at a maximum speed of a .- 6 on a 33 m lattice tower. 
The installed power output was 8 kW. Later, at the est grounds 
of the GHH at Fernwald near Sterkrade, a plant was: built with 
a three-bladed propeller of 15m diameter, а maximum speed 
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lo 
of Aes: B on a lattice tower of 15 m heiwht, and un installed power 
output of 10 kW (Fig. 7). 


After the war, further research and development work en 
these interesting plants was iikewise not continued. 

In 1945, D. Stein, scientific associate of the RAW, together with 
North-German industrialists, founded the Nordwind Company at 
Porta Westfalica. There, together with H. Evers he designed and 


Fig. 7 — “Teubert” 10 kW plant of 15 m diameter at Farnwaid near Sterkrade. 
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| 
| 
| ; | | | 
built a wind power plant with a three-bladed propeller of 
diameter and a maximum speed of 4... 6 on a 20m high 1 


tower. By the manner of its contro! and the transmission of energ 
| 


this plant was in many respects similar to large medern Ru 
plants. For controlling the operation when the rated speed {i 
cceded by the effect of their own centrifugal force, the outer 
pivot 28“, of their radius. Such pivoting of the blade tips, howd 


only serves to regulate the speed, whereas by means of a mechan 5] 


controlled at a considerable delay by the directional steering d М 
of the tower head gear, the entire tower head may be gradus 


turned out of the wind if the average wind velocity become 


NT 


too high. The rotatable tower head contains a bevel gear ti ans 


mission for driving a vertical shaft which transmits the energy 
the tower head to the. ground, where it may be used in any 


desired either for driving generators or water pumps, or forja 


other purpose. | 


Fig. 8 — "Nordwind'' universal wind driven pumping plant of 15 m diameter with ver 


shaft for energy transmission, at Klostergut Marienmünster near Steinheim Weatpha 
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Plants of this type have been in actual use for ycars and have 
proved very successful (Fig. 8). Thus, for example, the North бел 
island of Neuwerk in front of the mouth of the Elbe river, includ- 
ing its lighthouse, is supplied with electrie current exclusively by 
such a plant /9/. During the four years since this plant was built. 
about 180 000 kilowatt hours of eletric.energy were supplied for the 
needs of this island. ; 

Another plants is being used as a water elevating pump for the 
irrigation of the Sahara oasis Adrar and, when put into operation, had 
a maximum pumping capacity of 100000 liters per hour at a total 
lift of over 40m. This amount is sufficient to provide an ample 
supply of water for the entire oasis with its large fruit and palm 


Fig. 9 — Monablade plant by P. Bauer, diameter : 3.6 m; rated power: 3 kW. 
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orchards. At present, additional plants of this type are being readied 
for shipment апа installation in Northern Africa and other Sahara 
oases. 

R. Bater had an opportunity to make experiments on a four- 
bladed 10 kWitest plant with a propeller of 12m and a maximum 
speed of л — 8, which was built and erected in 1924 by the firm 
Grohmann & Paulsen at Ratzeburg utilizing the knowledge of 
aerodynamics of that time. These experiments caused him to take 
up the development of wind motors again in 1945. 


Correctly: recognizing the fact that the efficiency and usefulness 
of wind power plants depend en.irely upon the total expenditure 
for their erection, as well as upon their total weight, Bauer designed 
a rotor with only one blade, the maximum speed of which of 12.6 
to 16, depending upon the diameter of the rotor, exceeded those of 
{һе large three-bladed Danish plants of F. L. Schmidth with a 
maximum speed of a. 12. In order to overcome the difficulties 
of the unsymmetrical arrangement and a possible distortion of the 
blade, he permitted it to rotate together with its counter-weight 
about a free axis. For this purpose, “the shaft of the propeller was 
made elastic | iso that the rotor can freely adjust itself, similar to 
that of the Laval turbine. The blade rotates on the long wheel 
shaft, designed as an elastic cantilever, at such a large distance 
from the vertical axis of the tower that the rotor is able to adjust 
itself automatically about such axis and vertically to the direction 
of the wind without any supplementary equipment, such a a vane 
or the like (Fig. 9). 


For contralling purposes, Bauer used a small, narrow front or 
preliminary blade which in operative position was set so as to provide 
the blade profile with the best possible qualities insofar as the 
gliding angle and the maximum lift was concerned. When the 
control mechanism was operating, the front blade turned so as to 
destroy the ий of the blade profile and thus the effective action 
of the blade, For stopping the plant, the cantilever shaft was 
turned. vertically upward so that the rotor stopped and adjusted 
itself in the direction of the wind like a vane. 


This peculiar design, which was in many ways revolutionary, 
was at first tried in smaller sizes with a rotor diameter ої 3 m. In 
its final development, it has been built and. sold since 1952 by the 
Winkelstratter| Company at Wuppertal in sizes similar to the 
Amcrican wind chargers. 

Then, after the small machine had proved very successful, a 
larger experimental plant was built which was put in operation 
in 1949 (Fig. 9) This plant was designed for 3 kW with a rotor 
diameter of 8.6m and a maximum speed of à 16. At the present 
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time, this firm is building a plant with a rotor diameter of 10 to 
12 m, while another with a diameter of 38 m and an installed power 
of 100 KW is being designed 

The author, who during his employment: as a designer and 
consultant engineer with the Ventimotor Company at Weimar, built 
primarily the wind power plant with high coefficients /10/. conti- 
nued in 1946 the development of wind power plants by designing а 
one-bladed rotor for the Schempp-Hirth Company at Kirchheim ‘Teck 
in Wuerttemberg. Similar to the French Andreau plant III., the 
pressure drop and the curents, which arise in this plant with an 
open blade tip at the inside of the rotating blade from the root to 
the tip thereof, were utilized for driving an air turbine mounted 
within the hub of the rotor which, through a short shaft, directly 


monoblade plant with air turbine installed in 1246. root and 600 walt 


Fig. 10 — Hutter“ 
generator as counterweight Kirchheim. Teck. 1 
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drove the generator which was acting as a counterweight of the 
one-blade rotor (Fig. 10). The rotor diameter was 6 m, the installed 
power only 600 watts. The adjus:ment of the wind wheel disc into 
Ше wind was caused by free forces of the rotor rotating behind the 
tower. Unfortunately, this interesting development worked on 
during the deepest depression following the war, which, as shown 
by the 100 kW Andreau plant /12/ presently being installed in 
England, had a good chance of success, had to be abandoned because 
of financial difficulties. 


In 1948, E. Allgaier took a serious interest in the work of the 
author and enabled him to continue his research in his firm. the 
Allgaier Werkzeugbau Company, at Uhingen in Wuerttemberg with 


Fig. 11 — Head of 1.3 kW Allgaier test plant of 8 m diameter, Ohmden, 1948, 


the aim of creating a standard machine which was suitable to be 
manufactured in greater numbers and could be built to satisfy 
the real need of the world market for such plants, а fact fullv 
realized by him. In the summer of the same year, a three-bladed 
experimental plant was built with a propeller diameter of 8m an 
intended maximum speed of À: 8 and an installed power of only 
1.3 kW, mounted on a tubular steel tripod which was erected for 
а long range test on a chicken farm near Ohmden in Wuerttemberg 
(Fig. 10). In 1949, a test station was built at Uhingen for carrying 
out systematic tests and acurate measurements. In the same year, 
models of a plant of this type were demonstrated at exhibitions at 
Hannover, Munich, and Lyon, France, 
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An analysis of the market in South: Africa made early in 1950 
resulted in starting the production of a Tirst scries of 25 plants in 
which the propeller diameter was increased to 10 m and the installed 
power to 7.2 kW, while the intended maximum speed remained 
at А == 2, In the course of 1951, the largest part of these plants were 
installed in South-West Africa, Abessinia, Argentina ind Germany. 

During the following years, the development was systematically 
continued. In place of the blades which originally had| been built of 
wood bonded together thermoplastically, they were then made of 
steel plate and, in order to obtain the shape with the best possible 
aerodynamic features, shells of stéel plate shaped by large specially 
built tools constituted the structural elements of the blades which 


| 


Fig. 12 — Cooied welding outfit for torsionfree welding sheet steel blades for Allgaier 
plant of 10 m diameter. 


were then put together by spot and acetylene welding. (Fig. 12). 

The control mechanism of these plants which or ginally was 
intended to be similar to those of Konig and Teubert, that is, entirely 
by a directly ac.ing high speed centrifugal governor, was 
considerably improved in the course of the construction. For limiting 
the speed of rotation mechanically, an automatic hydraulic 
mechanism was added for adjusting the blades to such a position 
at which the maximum value of the starting momentum could be 
obtained. Such mechanism is brought into action when at long lulls 
of the wind the plant stops, and it is thereby made extremely 
sensitive so that the plant may start already at such wind velocities 


С 
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which do not yet permit any worth-while power output, so that, 
as soon as the wind increases in strength, it is lable to take up and 
transmit even the srnallest amount of energy, from weak gusts. 

A further improvement consisted.in the hurricane stop mecha- 
nism which was likewise operated hydraulically. The static evaluat- 
ion of meteorological data concerning the time distribution of the 
wind velocity of heavy storms showed that the peak velocities 
which had been observed, the action of which! may be devastating, 
only occur at a small percentage of the total length of the storms. 
Dangerous gusty storms usually start extr emely quickly and may 
be destructive to trees, roofs, and high biuldings. For the utilization 
of energy, however, these peak velocities and; their extremely high 
power are of on practical value and are therefore of no special 
interest. | 

The hydraulically operating hurricane stop developed for the 
Allgaier plant considerably reduces the rotary; speed of the plant 
within a fraction of a second when strong | gusts of wind. occur, 
while after 1 to 2 seconds it attains about one: third of the rated 
speed, and it thereby reduces all the forces of the mass and air 
approximately to 12 to 15%? of the values ‘occurring during the 
normal operation. After the gusts subside, However, the speed and 
output of the plant again rise within a few seconds to those of the 
normal oneration. T 

The hydraulic contro! mechanism also permits the rotary speed 
and output of the plant to be acted upon by devices of. other types. 
After early failures with electrically controlled generators for 
producing a constant voltage, this possibility was utilized for 
maintaining the voltage and limiting the charging of batteries. In 
the newest types of plants, an effective and sensitive control of the 
rotary speed is obtained by a magnetic valve which is controlled by. 
a voltage measuring bridge, and any desired voltage limit may be 
set by the simple twist of a knob on a centrally located contro! 
apparatus. 

The adjustable limitation of the voltage permits a simple and 
reliable control of the battery charging process. It is a well-known 
fact that the counter-voltage of battery cells increases in accordance 
with the charging conditions and the current jused. If at a certain 
charging condition, a certain charging current can no longer be 
exceeded, the charging voltage must be held below certain limits. 
When further charging the battery at a limitéd voltage, the charging 
current then gradually decreases more and more until finally, when 
the battery is fully charged, it reaches such small values that even 
at very small currents a state of balance is i reached between the 
charge and the withdrawal. E i 

The control of the machine unit of the plant and thus of the 
circular described by the propeller blades to aj position relative to the 


| | 
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wind in which the maximum output of energy is obtained, is pro- 
duced in the Allgaier plant by a small auxiliary wind weel which 
is mounted on the side of the machine unit and is rotatable about 
an axis vertical to the axis of the main propeller, and which operates 
in the same menner as those used for 200 years in the Dutch wind- 
mills. 

In the maehine unit itself. the generator, the gear transmission, 
and the head bearing were combined into a compact closed set. The 
generator is mounted on the gear housing without a forward end 
plate. No additional casing is required. 

For a tower, a braced tubular tower similar to the kind as firts 
shown by Bilau (Fig. 13) has been used since 1951. The stepped 


Fig. 13 — 6 kW Allgaier D.C standard plant of 10 m diameter. 
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diameters of the individual sections of the tube permit telescoping 
them into each other for easier; Shipment, the, bracing rods etc. then 
ube. 


| 


being placed at the inside of the innermost tube 

Until the middle of 1953, altogether about 60 plants of this 

standard type have been delivered, They provide electric current 

to sheep farms, pastures, farms| housing developments, light houses, 

mountain inns, and relay stations | for ultra-short wave. chains in 

South-West Africa, Argentina, Abessinia, North|Africa, Saudi-Arabia, 

Burma, Peru, Belgium, Spain, Italy, Holland land Western Germany. 

They have proved a complete | success undér|all possible climatic 

conditions — in dust storms, under the effects gf a moist sea climate. 

at high heat, in high snow drifts, and when iced up. The total annual 

production of the plants presently operating in Germany alone 

amounts to 250000 to 300000 kWh. | 

In the fall of 1949, the Studiengesellschaft Windkraft (Research 

Society Windkraft) was founded in Stuttgart which is intended to 

form a neutral mother organization to combine all the various 

research. groups in Western Germany dealing with the utilization 

of wind energy. This society succeeded in soliciting the interest of the 

government, public utility companies, and industry and commerce 

for the utilization of wind energy! |Aside fromiàn extensive evaluat- 

lon of existing wind measuring values in cooperation with the 

German Weather Service at Frankfurt on the|Main, and a neutral 

advisory service, the societv primarily initiated the parallel operat- 

ion of wind power plants with public light circuits over a long period 

of time, and plans were made for building a plant with an installed 

output of 100 kW for feeding into] the public cireuits. At the present 

- time, the research society is stud: ‘ing four projects of medium sized 

“plants to render an opinion thereon, and it is expected that cons- 
truction of the first larger unit will be started! uring 1954. 

In the summer of 1952, a three-phase current was fed ftom 

a 10 т standard plant equipped | with an | 8.8 kW asynchronous 

generator of the testing ground of: the Allpaier Company into the 

nearly 10 kV line of the Neckarwer|ke. Th- course of the wind and 

the electric energy werc registered | continuously by Ferrari fixed 

range integrating instruments of! + 3 AEG (German General Electric 

Company), so that at the end of this'test definite results of the action 

of the wind power plant when operating in parallel connection 

with a publie power circuit cou d! be obtainei /13/. These results 

were so promising that further [tests of unlimited duration will һе 

carried out in an area where the winds are more favorable, that is, 

at Büsum on the German coast of! the North S а. After one year of 

operation, the test results obtained during thal time will again be 

evaiuated and published. | | 
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Similar tests have been carried out at the beginning of the 
1930s with a three-bladed 100 kW plant at Balaklawa on the Krim 
peninsula /14/. in 1940 to 1943, as previously mentioned, by the 
Ventimotor Company at Weimar, between 1940 and 1943 with a 
1000 kW unit at Grandpa's Knob in Vermont/USA /15/, andifrom 
June 1950 to August 1951 by the engineer Juul at Egersborg in 
Denmark with a plant of 12m diameter /16/. 

It is worth nothing that all these tests showed excellent idsults, 
even though — because of the unevenness of the winds — the 
prognosis of outside experts regarding the possibilities of carrying 
ош a parallel operation successfully had not been favourable'at all. 
On the other hand, M. Kloos /17/ already proved in 1942 that! even 
with synchronous generators thé parallel operation with, large 
timing networks would be possible and could be made very: stable. 
The author also proved in his treatise published in 1947 /18/! that, 
despite the strongly varying wind velocities, when considering the 
distribution of the frequency of the winds, the total resulting energy 
of a wind power plant operating in parallel with a public circuit 
would amount up to 96'. of the theoretical optimum. | These 
prognoses have proved to be correct by the test. an 18 


It is also possible to drive a wind power plant at a constant 
speed despite the strongly varying wind velocities, provided the 
ratio of the rotation to the constant load or of the frequency to the 
constant load of the machine driven by the propeller will permit 
this under partial loads, that is, provided the driven machine no 
longer takes up апу load when the frequency decreases below a 
2 certain value which is determined by the generator slip, as this is 
the case when operating in parallel with public power lines. 


The propeller freely running in the air current reaches! its 
highest. possible output at the maximum speed which is determined 
by caleulation. At maximum speeds above such value, the dimens- 
ionless power factor — the power coefficient — decreases gradually, 
while at an increasing maximum speed it decreases very re, tly so 
that at а certain value of the maximum speed it will arrive at the 
value zero (Fig. 14). 

The highest obtainable value of the maximum speed possible in 
the operation of turbines amounts approximately to twice the 
calculated maximum speed. At maximum speeds which lie below 
the calculated value, the power coefficient likewise decreases gra- 
dually in the beginning, while later, when the current flows past 
the blade, it decreases rapidly. A certain residual torque, which 
causes the standing propeller to start provided the moments'of the 
air forces exceed those of the friction, remains even at the smallest 
maximum speeds, since the twist of the blade prevents the current 
from flowing off along its entire length. | 


is 
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The actual operation at the proper relative proportions of the 
wind wheel, the gear transmission, and the driven machine is carried 
out under conditions which lie very close to the optimum value of 
the power coefficient. Because of the "flat" optimum, very consi- 
derable deviations from the calculated maximum speed are possible 
both upwardly and downwardly without any appreciable losses. 

If the rotary speed is maintained, a decrease of the wind velocity 
means an increase of the maximum speed, or vice versa. If the plant 
is properly tuned to the frequency of occurrance of the individual 
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Fíg. 14 — Relation between output coefficient and speed ratio of wind turbines of various 
designs according to Fatcew. 
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inherent in the shape of the blades, but by the difficulty of con- 
troling the propeller blades statically and dynamically, which, as 
the maximum speeds are greatly increased, must be made extremely 
narrow. If the width of the blades is expressed in percentages of 
the radius thereof, the. following ratio of the width to the radius 
for different maximum speeds is obtained: 


A 1 2 3 6 8 12 


r/R , 120 40 11 6 3 13 


The required width of the blade at the maximum speed of 
A = 12 is therfore almost 1/100 of the value which it must have at 
the maximum speed of A =: 1. 

The results obtained from practical test extended over long 
periods of time, however, show that any increase of the maximum 
speed of propellers, even though only by apparently small amounts, 
caused more and more difficulties and setbacks until the problems 
necessarily arising from the higher peripheral speeds were solved by 
entirely new methods of designing the control and the mounting of 
the blades. This phase in the development of wind power plants is pe- 
culiarly similar to the difficulties encountered in the development 
of water turbines and thermoelectric engines. 

However. the possibility of controlling maximum speeds betweer: 
8 and 12 may be regarded as the maximum achievement of today. 
The propeller dimensions developed for use at these speeds have 
great similarity to the dimensions which are characteristic of the 
propellers of modern heliocopters. А greater increase of the max. 
speed may be attained only by further research. Thus, wind power 
plants of larger dimensions than previously known appear clearly 
indicated, and it is expected that within a few years such plants will 
be installed as a supplementary source of energy both for individual 
users as well as for feeding into public circuits. 

In examining the question of the efficiency of such plants, the 
two before mentioned possibilities of applving them should be con- 
sidered entirely apart from cach other : 


a) plants for supplying remotely located users who are not 
reached by public power lines; and 
b) plants for feeding into existing power lines. 


The best size of the units to be used for supplying remotely 
located individual users will probably range between 40 and 200 mi 
propeller area, as already mentioned. The installed output result- 
ing therefrom would then have a value ranging from 3 to 30 kW. 
As far as their efficiency is concerned, only power plants driven by 
Diesel oil are able to compete with wind power plants of this type. 
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However, the efficiency of Diesel engine units [decrenses rapidly 
when only a small amount of current is required, Both wind power 
plants as well as Diesel engine units require a mechanism for energy 
| compensation, unless — which is rarely the case ше current needed 
н is uniform and continuous. E 

Even in Germany, where the public power lines are close 
together and extensive, there are many people who are interested in 
producing their own power. It has been found that even though 
Diesel engine units are already available, there: is considerable 


| interest in acquiring wind power plants in order to save the high 
| 


costs of a continuous Diesel operation. А very simple calculation 


already shows that a wind power plant with a life expectancy of at 
least 5 to 8 years, such plant will be more profitable than a Diesel 
unit of similar efficiency, especially since so far only a very small 
number of wind power plants have been built, whereas Diesel units 
are being built in mass production. There is not 1} e least doubt that 
if similar production facilities are provided and certain difficulties 
resulting from the novelty of the plants are overcome, that is, if, 
| on the one hand, а certain minimum life of t e| plants can be 
| guaranteed and, on the other hand, a service organization of 


sufficient size can be provided to keep the plants in proper condition. 
| wind power plants will be considerably тоге profitable than small 
| thermoclectric units, in areas which аге favorably| supplied with 
wind, | 
| When feeding into public power lines, there is!no longer any 
| necessity for directly compensating the energy. The ‘units which are 
| to be used for this purpose must — and will — be e nsiderably larger 
: than those designed for individual users. Therefore, for regulating 
and controlling purposes, larger amounts should be! expended so that 
a fully automatic operation which requires hardly апу Service may 
| assuredly be expected and guaranteed. lil 
! The research carried out by the British Electrical Research 
| 


Association in London. and the Electrical Supply |Board in Dublin 

nlong the British and lrish Northern, North-Western, and South- 

Western coast has shown that'at a suitable location of the place of 
erection on freely exposed hills in the vicinity | Of the coast ап 
i annual average of the wind velocity of 9 to Ilm/sec can be expected, 
| With such high averages, the usefulness even of small plants, which 
i are designed for the use of the individual customer and built in very 
small quantities, is obvious. Even piants of less than 100m? 
propeller area produce in these places annually 480|tó 520 kWh per 
square meter of propeller area, which means that plant of 500 т? 
propeller area, that is, with the dimensions of a larger Dutch wind- 
mill, would be able to feed approximately 250 000 kWh per year 
into a public power line. BE 
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In considering whether wind power plants could be used for 
supplementing the power produced by water or thermoclectric 
power plants, the question appears as to whether the total energy 
availables is sufficient. It can be estimated from the density of 
energy of solar radiation. The total output of energy radiated from 
the sun to the earth amounts to: 


1. 694 x 10 kW or 
1. 452 x 10'* kWh per year. 


Renowned meteorologists, among them Süring /19/, estimate 
the amount of energy which is continuously converted into moving 
energy of the air currents to be 2 to 2.5%: of the total energy. 
| : The results of innumerable measurements have been published 
| which show the distribution of the velocity of the air currents at 
various altitudes above the earth surface up to and into the 
: stratosphere (Fig. 15). These values not only permit an estimate of 
| : the kinetic energy of the entire air ocean to be 


2.5 x 10% kWh, 


but also of that output which maintains the equilibrium between the 
friction on the ground and the internal friction of the aerial bodies 
moved past each other at different velocities. From the forms of 
movement of the low pressure and high pressure areas the order 
of magnitude of the Reynolds values of aerial bodies moving over the 
| earth surface may be estimated, The velocities upon which the 
| calculation is to be based correspond to the value which is measur- 
ed at an altitude of about 200 to 300 m above the ground. 

This kind of calculation shows the entire output required for 
overcoming the friction of the air on the ground and its internal 
friction to be approximately 


| 10:2 kW, 


that is, within the order of magnitude of the portion of the total 
output of radiation which was mentioned by Súring. 

| The largest part of these energies, however, is contained within 
the high altitude current on 8000 to 14 000 m height above the 
ground which, with 18:10 26 m/sec, is extremely fast as compared 
with the conditions on the surface of the earth, and, at least for the 
time being, is beyond our reach for practical use. However, from 
| the distribution of velocities over the different altitudes conclusions 
| may be drawn as to that portion of the total current energy which 
| can be utilized. Naturally, this portion is the larger, the more 
densely the earth surface is provided with larger units of wind 


| 

| | 
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power plants because, if the velocity of the lower atmospkherie strata 
should thus be considerably retarded, additional energy will be 
supplied there to from the higher strata through a process of 
intermixing which frum the science of aerodynamics is known as 
turbulence. Thus, the large energies of the air currents of medium 
altitudes are within our reach without requiring any of the so-called 
high altitude wind power plants, simply by providing a network of 
ground power stations of sufficient density. 

The design and type of the plants to be used is already apparent 
from the research which has been carried on for years in the USA, 
Russia, Denmark, France. and Germany. It is safe to assume that 
if this research is systematically continued, similar as was done in 
more recent years with the heliccopter, the utilization of the wind 
energy will suddenly leave utopic spheres and enter the sphere of 
practical use on a very Jarge scale. 


SUMMARY 


With the gradual disappearance of the old windmills from the 
countryside of North-Western Europe there began in Germany the 
era of the development of plants for generating electric energy from 
the wind, . 

The Vereinigte Windturbinenwerke Meissen, Herkules Wind- 
motoren, Stahlwind & Reinach, Dresden, as well as Koster at Heide 
in Holstein and, later, K. Bilau in East Prussia and Oxford, the 
Porsche K.G. in Stuttgart together with J. Mickl, the Ventimotor 
G.m.b.H. in Weimar with A. Fleischmann and the author, further 
the Reichsarbeitsgemeinschaft Windkraft at Berlin with К. Kónig 
and F. Kleinheinz, the Gute Hoffnungshütte at Oberhausen with 
F. Teubert, H. Honnef at Bótzow near Berlin, the Nordwind Gem. b. II. 
at Porta Westfalica with D. Stein and H. Evers, R. Bauer at 
Ratzeburg and Augsburg, and, finally, the Allgaier Werkzeugbau 
G.m.b.H. at Uhingen have built wind power plants in Germany. 
tested them in experimental operation, and used them under any 
climatic conditions and any conditions of operation which could 
possibly occur. The most characteristic feature of all the plants 
built is the fact that all of their propellers describe an arca of 50 to 
250 m* at ап installed power output of 3 to 50 kW. 

The developments in this art over the last 30 years, as described, 
clearly demonstrate the existing tendency to increase the maximum 
speed, first from 2 to 4, then to 8, and now to 16. As the result of 
this researeh and development, the world market which so far has 
hardiy been touched, is able to avail itself of a continued supply 
of well-designed and thoroughly tested plants of a rated power 
of 3 kW, 6 kW, and 22 kW. 
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Successful Danih, American. Russian. French. and G 
tests over long periods of ume have definitely snow that 
parallel operation of wind power plants with publico power i 
15 possible without any difficulties. Thus, it is an accomplished fat 
that for supplying the continuously increasing demand for power 
the worid over, wind energy is also avaiable, the inexhaustit4e 
supply of which is demonstrated by the above rough estimate pf 
the volume of the total energy of the air ocean. 


RESUME 


Petit à petit les vieux moulins d vent disparaissent complete- 
ment. du paysage du nord-ouest de l'Europe, et Ven commenpe 
muntenant aussi en Allemagne à développer des installations qui 
permettent de produire Venergie électrique d l'aide du vent. 


En Allemagne de telles. installations ont ete construites et 
soumises à l'examen en service d'essai dans différentes conditions 
climatiques et techniques par les entreprises que voici: Vereinigte 
Windturbinenwerke Meissen, Herkules Windmotoren, Stahlwind 
et Reinsch Dresden. ainsi que Roster, Heide/Holstein et plus tard 
K. Bilau en Prusse-Orientale et à Oxford, Porsche K. G. à Stuttgart 
avec J. Nickl, Ventimotor GmbH à Weimar avec A. Fleischmann 
et l'auteur, en outre la Reichsarbeitssemeinschaft Windkraft | à 
Berlin avec G. Konig et F. Kleinhenz, Gute Hoffnungshutte| a 
Oberhausen avec F. Teubert, H. Honnef à Botzow prés Berlin, 
Nordwind GmbH à Рома Westfalica avec D. Stein et Н. Evers, 
Н. Bauer à Ratzeburg et Augsburg et enfin la maison Allgaitr, 
Werkzeugbau GmbH à Uhingen. Ces installations ont en commun 
ce trait marquant qu'elles appartiennent toutes a la classe НЕ 
grandeur de 50 à 250m? de surface balayée par les ailes à des 
puissances nominales de 3 à 50 kW. 


Lc développement exposé ci-devant révèle nettement la tendarice 
d'augmenter à une hauteur de 8 à 16 le coefficient de vitesse qui, au 
début, était de 2 à 4. Comme résultat du developpemert, des 
installations à puissance nominale de 3 kW, 6 kW et 22 kW, parfaite- 
ment mises au point et éprouvées, sont, constamment fabriquées|et 
disponibles. Le marché n'est d'ailleurs encore que peu ouvert à l'heure 
actuelle. 


Des épreuves d'endurance ont été effectuées avec succés par des 
Danois, des Américains, des Russes, des Frangais et des Allemands. 
- 5 S H 
Ces épreuves ont upporié la preuve qu'un service parallele de сез 
installations avec les réseaux d'énergie publie est sans difficultés 
possible. L'énergie du vent est done aujourd'hui également à notre 


disposition pour couvir les besoins en électricité toujours accroissants, 
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ctal ne faut qu'une simple appreximafist ce la quent! 
. 1 

contente dans l'atmosphère pour ie rendre compre 
À En, 

de vent est vraiment inépuisable. 


Resto 


Pouco à pouco, os velhos muinhor de vento vão desaparecct: 
completamente, da paispgern do noroeste da Europa. e se 25 
agora também na Alemanha а aproveitar instalações que permit 
produur energia elétrica por meio do vento 


Na Alemanha, tais; Inistalações foram construidas e ;ubmetiadas 
a "tests" em operações dxpierimentas, sob diferentes condicoes elim: 
ticas, pelas seguintes nprésas: Veremiste  Windturbinenwe: ҳе 
Meissen, Herkuies Windmotoren, Stahlwind à Ranach. Dresden 
assim como Koster, Heide/Holstein, e mais tarde K. Bilau na Pro. 1a 
Oriental e em Oxford, Porsche K. G. em Stuttzart, juntamente com 
J. Mickl, Ventimotor GmbH em Weimar com A. Fleischmann e o 
autor, alem de Reichsarbeitsgemeinschaft Windkraft em Berlim cem 
К. Kenig e F. Kleinheinz, Gute Hoffnungshutte em Oberhausen com 
F. Teubert, Н. Honnef em Bétzow perto de Berlim, Nordwind GmbH 
em Porta Westfalica com D. Stein e H. Evers, R. Bauer em 
Ratzeburg e Augsburg, t, finalmente, Allguer Werkzeugbau GmbH 
em Uhingen. O traco mais jearacteristico de todas as instalações cons- 
truidas € о fato de que tidas as suas helices propulsoras descrevem 
uma area de 50 a 250m? numa instalação com potência Gul de energia 
de 3 a 50 kw. || | 


| 


Os progressos nesta arte nos últimos 30 anos, tal como se des- 
creve, demonstra, claramente, a tendéncia existente em desenvol- 
ver à máxima velocidade, que tendo sido de 2 a 4 no inicio, passou 
depois a 8 e agora а 16. Como resultado de tars estudos e desen- 
volvimentos, o mercado mundial, até então dificilmente al rangado, 
está apto a avaliar, por si mesmo, um continuo suprimento de insta- 
lações, bem projetadas e inteiramente testadas, com uma potência 
nominal de 3 kW, 6 kW, le 22 kW. 


Bem sucedidos e prolongados "tests" dinamarquéses, horte-ame- 
ricanos, franceses e alemáes mostraram, definitivamente, que а 
operação paralela das instalações de energia elétrica por meio do 
vento com as linkas públicas de energia é possivel sem qualquer 
dificuldade. Assim sendo, é um fato consumado que, para suprir 
à continua e crescente salicitacáo de energia no mundo, a enerma 
elétrica por meio do vento é também útil, sendo o exaustivo supri- 
mento da mesma demonstrado pelo Пешо estimado acima do 
volume da energia total do ar atmosférico, verdadeiramente ines- 
gotavel, | 


‘il 
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Electric pawer is playing an ever greater part in raising dhe standard 
. ol living of men, nations and the wold. Few countries with any industrial 
activity have not felt the pressing demand for more power, in fact some 
have had their requirements doubled in the Lot dew years. Much of the 
unrest in troubled sections ob the world fias been due to man’s awakening 
to the unlimited possibilities of тебер from barship and toil. which the 
intelligent utilization of the latent forces ol nanne makes available to 
those who use them, 


It is, therefore, incumbent upon nations, groups and individuals to 
employ their: highest engineering capabilities toward the efficient de- 
velopment of their power resources. These resources may be available 
in the form of gaseous, liquid or solid fuel ando more recently, minerals 
which my soon be responsible dor a share of electric power generation, 
or as water, pawer potential. Fuel sources of power, however economic 
they man Ue at present, are expended with use and are not recoverable, 
The use of minerals tor power generation is sucht new Geld that their 
ialitiesiare, at present, diflicult to appraise. Hydroelectric power, 
by comparison lis practicable and relatively inexhaustible. In order that 
communities served by hydroelectric power sources obtain the maximum 
derived benefits, the economic application of water Hows for the generation 
of usable; power must be tally explored. 
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The carly development of hy droclectrig power usually consists of 
the utilization of the best sources nearest the 10 d centers. These centers 
may be communities which are gradually bee ning industrialized. Un- 
loitunately, most communities are located ar erperapbical considerations 
rather than regard for the availability of econo! € power. Às sites requir- 
ing the lowest investment for storage, genera rig equipment and trans: 
mision are utilized, continued community 1 dustry expansion. forces 
the consideration of sources which, due to higher costs of construction 
and transinission were, initially, less desirable. ГА the limit to the pru- 
ticable development of hydioclectric power is Hed, it becomes necessary 
to Consider every possible means for incr the power which can be 
economically generated from sources already | 

The installed capacity of a hsdroelectrie] t 
а Compromise between the requirements of t load and the availability 
of water power within the range e economia development. X mixed 
community E qa one which: dh: as some 

i 


| x 
tem id ts ll based on 


gener ating: capacity of à hurle vive system af 18055 Meee are to be 
avoided. “Phe type of Hyde lectrice generating eg ipiment and the amount 
of storage depend on the physical characters Hé ob the site. Probably 
the most critical factor is that ot river How. inthe establishinent of the 
proper size plant to be installed, run-off records tovering E long period 
are ideal, although many plants are designed with only short time records 
available. | | 
* Records of this type bised on as reliable edat in are available регин 
the establishment of dry, average and wet vear flows, Water supplies ine 
rare, Which are not subject to considerable ut seasonally and 


uch variations as much 
as practica? by tlie provision ol storage capacity, (Often suflicient capacity 
can be pre vided to absorb seasonal vari: tions, J is not, i» а tule, however, 
practical or economical to апу sufficient мока € to smooth out flows 
many years. TH this were feasible, facilities edd be installed to permit 
the maximum generation of electric power irom the average How over 
many years’ period and the total Gow ol water Aring that period could 
be used. without waste. With such а system, inptálled capacity would be 
utilized to the fullest extent and every cubic meter ol water flowing into 
the reservoirs would be latent electrical energy 

It is more common, due to economic and U pographical considera 
tions to Garry storage which will im pound the e ce» How for only a li 
mited period of more than average flow, there av limiting the reserve 
available to carry the system over dry periods af- Jong duration. Depleted 
storage caused by successive dry years results the curtailment: of депе 
ration with its consequent deleterious elfect: industry. Occasionally 
where river flow characteristics permit and where adequate storage for 
long term regulation is not available, generating capacity greater than nor- 


| 
from year to sear, It is doirabie to smooth out 
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inal is installed and low cost 


3 


ower offered when available to industries 


which can interrupt their operations during periods when power is not 


available. The prolonged power shortage resulting from continued dry 
years, however, generally results in curtailinents of magnitude and dma- 


tion intolerable to even such 

It is seldom practicable in 
size on wet усаг or even averd 
be adopted which will reconcil 
Where seasonal variations in 
stream flow, the development 
average [lows is justilied ever 
However, lor the usual system 
developments on streams wiel 
limited to the prime capacity e 


ype of industry. 

a purely hydroelectric system to bise plant 
ge vear flows anc some lower figure must 
e development costs with the type of load. 
load coincide with seasonal variations in 
of power sites to use much kaper than 
without large reservoir storage capacity. 
without adequate storage capacity, power 
wide Huctuations in flow are generally 
f the sueur applied to the peak ar lowest 


load factor portion of the змена load, During higher flow periods such 
a plant may operate on the bape or continuous load. 


Brazilian Traction, Light 
two principal operating compa 
eastern. Brazil including the ii 
Santos, and the rapidis giowi 
meten above sea level. In this 
Braails industry. The Rio de | 
pans, Limited supplies 50 4 


& Power Company, Limited, through its 
nies, supplies power to the area in souh- 
nportant. seaports of Rio de fancio and 
ng City af São Paulo located about 720 
area ds concentrated nearly 80 per cent of 
Janeiro Tramway, Light and Power Com- 
le фейс power to the Federal District 


of Rie de Janeiro and the State ol Rio de Janeiro. Fhe São Paulo Light 


and Power Compans, Limite 


Supplies 60 cycle electric. power to the 


Cities of São Paulo and Sanitas amd the Surrounding area, Power from 


these companies also serves tl 


c expanding таом electrification pro- 


gram which, due to the high cost of imported. tueb, is taking advantage 


of Tower cost hydroelectric рома 


of power to the Мона Redond; 


r. Phe Rio system supplies a large amount 
steel mill which is vigorously expanding 


А func H | . 
its facilities and hence its power requirements, 
The hydroelectric power systems supplying Sio Paulo and Rio de 


Janeiro аге typical examples of 
almost entirely on hydioclectii 
and close at hand. Uhe coastal 
ol à steep escarpment which ri 
Janeiro and which is about 


systems which, in the past, have depended 
€ power which has been. relatively cheap 
topography. of this part of Brazil consists 
pes out of the ocean southwest of Rio de 
J meters high were the city's main power 


stations at Lages are located and which is about 780 meters high south 


of São Paulo where that city's n 
Back of the edge of the escarp: 


ls - | = 
шп power stations at Cubatão are located. 


nent, the general slope is parallel to and 


slightly inland trom the ocean ànd the main rivers empty iuto the ocean 


northeast of Rio de Janeiro ane 
have been constructed at each 
on the main drainage rivers ii 
waters are diverted to these st 
the escarpment through high h 


southwest of São Paulo. Large reservoirs 
of these sites and by building low dams 
the area and installing low lift pumps, 
orage reservoirs and dropped down over 
тач power stations. The pumping stations 
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have equipmen installed to divert flows well above the low [lows and 
the reservoir capacities are sufficient to utilize average year flows on the 
system load. 

Dry periods on record show that two or more vears of less than 
average flow may succeed each other and if the reservoir capacity is drawn 
down by using average year flows to schedule power generation during 
the first dry year, the reservoirs would not refill in the second year, and 
the system would be short possibly 25 per cent in output before an ave- 
rage or better than average flow year should. occur. 

For additional hydroelectric power to meet the growing demands of 
the São Paulo area, it would be necessary either to divert. and pump 
additional water from streams and drainage areas further away from the 
main storage reservoirs or to make comparatively lower head developments 
on these streams with longer transmission lines to the areas requiring 
power. Both of these alternatives mean higher cost power. At this point, 
the merits of thermal electric generating capacity as а complement to 
hydroelectric power were thoroughly explored. If thermal electric power 
is considered only on the basis ol fixed and operating costs in competition 
иһ hydroelectric energy, the following comparisons are generally 
apparent: 


Pro 
A thermal plant can be erected. at less capital cost. 
The plant may be located near die locd center, 
Construction time is less. 
Land purchase is minimized. 


Con 


A thermal plant requires fuel and in high fuel cow areas this be- 
comes a Татре proportion of the cost of the power. 

A larger operating sall is required. 

Maintenance is higher. 

Aside from the importance ol. the amount of firm generating сара 
city, which is added to a system by che installation of a thermal electric 
plant, of equal or perhaps greater importance is the considerable amount 
by which thermal plants in a large hydroctectric system permit the higher 
utilization of water Hows to deliver energy, which can be considered as 
firm supply when supplemented. by thermal generating capacity. 

The São Paulo company is a good example ol a large system to which 
been added thermal electric capacity. The general scope of the São 
ашо and Rio systems is illustrated in Figure 1. 

“The São Paulo system estimated unrestricted. 1953 peak load was 
about 800,000 kw. The major part of this load is preendy supplied hy 
the Cubatão Power Plant, located about 10 kin south of the city. ‘This 
station has been the topic of many paper, due to its unusual supply of 
large quantities of water at à head of about 726 m. Its storage capacity 
in Billings reservoir is about 1,900 million kwhr. In addition, there are 


1 
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several smaller plants located to the south and west of the city. The São 
Paulo system is interconnected with the Rio system over а 230 kv trans 
mission line, which has a frequency changer located at its center to permit 
the supply of some 50 cycle power from the Rio system to the 60 cycle 
São Paulo system. In addition to new hydroelectric generating capacity 
now under or scheduled for construction, the Piratininga Plant, now near- 
ing completion on the outskirts of São Paulo, will initially contain two 
thermal turbine generator units each rated at 80,000 kw. 

About 70 per cent of the total load in the São Рашо system is in and 
around the City of São Paulo. The estimated ratel of load growth of the 
system is about 12 per cent per усаг, | 

The Rio de ]апейго system estimated unrestricted 1053 peak load 
was about 460,000 kw. The major part of this load is now supplied by 
the Fontes Power Plant located about 60 km west iof the city. Its storage 
capacity in Lages reservoir is about 790 milion kwhr. The new under- 
ground power plant named Forcacava located near! Fontes will take water 
from Lages reservoir as well às from the Parafoa-Pirai diversion ando is 
scheduled ultimately to constitute the largest source of power for the 
Rio system. “The Wha plant, located about 150 km northeast of the city, 
is a run-of-the-river installation with very little storage, and the available 
capacity of this plant is dependent upon river How. Ahe amount of energy 
available at the Fontes and Forcacava plants has recently been substan- 
tially increased by the Paraiba-Pirai diversion. Other minor sources are 
scheduled for development 

By operating a thermal plant in conjunction with the hydroelectric 
plants, the overall economy of a power system amiy be significantly im- 
proved. Figure 2 illustrates the energy amd capacity which can be added 
to the São Paulo system due to the installation ot [thermal electric. capa- 
city. Figure За is comprised of two identical curves each constructed to 
indicate the average daily low! variation in the present, essentially all- 
hydroelectric, system. Installed. capacity and ovailapie energy аге marked 
on the сигу one of which indicates conditions jin a year of dive age 
water How and the other lor a dry year. The peak load ol 685,000 kw is 
above the available capacity of the уме although in an average vear 
the present system of water diversion into Billings reservoir furnishes 
sufficient energy. During a «Ьу year, depleted storage capacity results in 
the system being deficient in energy. as well as capacity. 

Figure 2 b illustrates the same system to which Has been added 160,000 
kw of thermal electric generating capacity. here is now installed capacity 
to carry peak loads of 720,000 kw. In average vears, the thermal plant 
supplying only peak loads would be oper: ated at ап annual capacity 
factor of 14 per cent. In dry years, due to the оп of hydroclectric 
energy, the thermal plant would carry part of the b азе load as well as 
the peaks at an annual capacity lactor of -H per cent. 

Figure 2c emphasizes the way in which thermal capacity in a large 
hydioelectric system permits the higher utilizition of water flows to 
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increase. the available capacisy and energy of [the system and supply 
higher load peaks without the threat of power shortages. In an average 
year, the annual capacity factor of the thermal plant would be 70 per 
cent. In à dry year, the thermal plant would be base loaded to its 
maximum capacity. In a period of better than average flow, the additional 
hydroelectric energy available would permit the operation of the thermal 
units at à lower capacity factor to the extent that they might ultimately be 
used only for peak capacity. Since the increase in hydro capacity would 
require no additional pumping capacity nor storage reservo the added 
hydro capacity would Һе obtained relatively chéaply both in regard to 
capital investment and operating cost. 

An important factor which should not be overlooked in the addition 
of hydroelectric capacity made possible by thermal plants is that the new 
hydroelectric units can be designed with higher operating elficiencies 
than many of the already installed older unit. With the new, high 
efficiency units to carry the base load, ihe older less efficient units can 
be used for peaking service. The thermal capacity also permits consider- 
able flexibility in systern loading and relieves the 


need for the continuous 
operation of installed hydro units in excess of their ratings. Maintenance 
is thereby reduced and forced outages minimised: 

In an overall comparison of steam plants and hydroelectric plants, 
the annual costs for the steun-electric plants should be credited with a 
proportion of the savings made possible by the larger installations ac the 
hydro plants, based on the utilization of average steam flow. instead of 
being based on dry period limitations. Over a period of years, it is 
possible that circumstances might árise which would make it advantageous 
to deter for one or two years a large scale step 0 hydroelectric develop- 
ment by the addition of a steam turbine generator unit in an available 
steam plant, at relatively moderate capital investment, accepting tor a 
time the higher operating cost ol the меши units. 


The thermal plant, located near the center at dload also aids in 
stabilizing the system voltage, and when the thermal units are operating 


zit less than full kilowatt load, the surplus availible Kilovars cam be used 


to asist the transmission system and hydroevlectric]generators in supplying 
the wattless load requirements. 

Thermal electric generating plants have olen been used to supple- 
ment hydroctectrie systems where abundant low) cost. tuel is available. 
lu high cost fuel arcas, however, it is sometimes considered that the high 
operating costs will noc justify the opecition ot thermal plants even as 
reserve or peak load unis. | 

An analysis of possible sites led to the selection of the present 
location on the outskirts of São Paulo. “The principal advantages ol this 
she are the proximits of the load center. existence of transmission 


spree + pe «| E 
Facilities available tando accessibility ol construction labor and operating 
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personnel, favorable climate, an adequate condensing water supply and 
the close proximity ol a pipe line for coaveying fuel oil from seaport 
to plant site. à 

The size of turbine generator units was determined by economic and 
practical considerations, The ultimate capacity of thermal electric power 
required in the area can be most economically provided by the fewest 
number of largest size units. Due, however, to the problems in transport- 
ing the heavy and bulky pieces of equipment from the factory to the 
site the size of the units was limited to 80,000 kw rated capacity. Due 
to inadequate domestic fuel supplies, it was decided to design the Pira- 
tininga Plant to burn Bunker "C" oil as the basic fuel. 

Since fue! cost will be high and annual capacity factors are expected 
to be low throughout the life of the plant except for prolonged dry 
periods, it was considered wise to place special emphasis on low capital 
investment. Steam conditions of 850 psi, 925 F were selected as the design 
pressure, and temperature at the turbines. The steam conditions are 
well within conservative limits and no special metallurgical problems 
are involved. Considerably higher steam pressures are common in other 
areas and many plants now operate at higher temperatures with some 
as high as 1,050 F. in the United States of America, the gross annual 
return in the form of reduced operating expense, on the additional 
investment necessary for a station designed for steam conditions of 1,250 
psi, 950 F over thé investment required by the selected conditions of 
850 psi, 925 Е would be a little more than five per cent at an assumed 
annual capacity factor of 30 per cent and a fuel price of 810 per metric 
ton of oil. For plants built and operated in Brazil, the gross reduction 
in operating expense attributable to the additional: investment necessary 
for the higher steam conditions would be somewhat less assuming the 
same price for fuel. For an estimated fuel price of $22.50 per metric 
ton, the gain would be approximately seven per cent, which was not 
considered attractive, 

Although design requirements to enhance [ucl economy have been 
successfully undertaken in some systeins which are predominantly thermal 
clectric, less operating risks will be incurred in the new plant bw the 
we of a design which, although not the most advanced, has an efficiency 
consistent. with the operating experience available, 

The principal features of the Piratininga Plant consist of two 80,000 
kw, 1,800) rpm condensing type turbine generators, exch supplied with 
steam from an 850,000 th per hr, two drum radiant type boiler with 
tubular type air heater. Boiler supply is employing three closed type 
tubular heaters and two direct contact or tray type heaters, one of which 
will be dexerating type. The water, which will be heated to а maximum 
ol about 405 E belore injection into the boiler drums is provided by 
evaporators which will distill coagulated and filtered water from Billings 
reservoir. 
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Each turbine is connected to a generator rated at 100,000 kva, 0.80 | 
pf, 3 phase, 60 cycles, 13,800 v. Each generator is hydrogen cooled with T 7 
direct connected air cooled main and pilot exciters. Each turbine wil! | 
; | exhaust steam at 1 1/2 in. of water, absolute pressure into a 78,500 sq ft 
i tubular condenser supplied with 70,000.gpm of cooling water taken frem 
i the Pinheiros Canal, adjacent to the station. Three 40,000 Kva, 15.8 to 
88 kv, single phase transformers are connected directly со each generator 
Lada to step the voltage up to that of the subtransmission ring surrounding 
H [d the City al São Paulo. | 
| In addition to being designed for maximum operating economy 
consistent with low investment cost, the thermal units are designed for 
А minimum operation overnight ог between peaks not far enough apart 
' to justify complete shutdow, thereby reducing fuel requirements while | BR 
' i the system load is being supplied by lower cost hydroelectric power. pe 
"This, installation of thermal capacity in а system |that has been 11 
essentially hydroelectric will give the São Paulo operating company 
experience in joint operation of the two sources of power Irom which 
economies will be developed. It will make possible the increased installa- | 
: tion of hydroelectric capacity on the basis ot presently developed water 
[d resources, 
| SUMMARY 


i 
| 
| | Thermal power as à complement to hydroelectric power in regions 
is of large hydraulic potential (based on conditions in Brazil) by С, R. 
р i E Strandberg (1) and J. R. Chapman (2) is the title of a piper in which < 
us the authors describe sources of hydraulic potential as so valuable in і E 
ur today’s economy that they should be utilized to the greatest practical 
ai ; extent. Where stream flow and load variations are such that dependable 
| ! capacity of hydroelectric supply without other sources to fall back on 
E d would be limited to dry year flows, the installation. of diermal electric 
generating capacity will complement the hydroelcetrie capacity in: two 
! i ways. In addition to adding generating capacity to the system to meet 
M E load peaks it provides a backup ol firm capacity that justifies the 
ү i installation of additional low cost hydroelectric units to utile average 
or better than average water flows. During periods of less than average f 
К Пом», the capacity of the system is supported by operation óf the thermal : E 
plant at a high capacity factor. This complementary feature makes | 
possible a total system capacity increase in excess at that provided by | 
| 1 
| 


the thermal plant alone, | 
A description of the dual role of thermal electric capacity in а pre 
| dominantly, hydroelectric system is given in the paper. 


i 
і 


| 
ие l 
E D (1) Chief Hydraulic Engineer | 
Я 2) Mechanical Engineer | ү}; 
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SOMMAIRE 


La Puissance "Thermique comme us Complement à la Puissance 
Hydrodlectrique dans les Régions du Grand Potentiel Hydraulique (Basé 
sur les Conditions au Brésil) par G. R. Strandberg (1) et J. R. Chap- 
man (2) est le titre d'article dans lequel les auteurs décrivent les sources 
du potentiel hydraulique: si. précieuses dans l'économie d'aujourd'hui 
qu'elles devraient être utilisées jusqu'à plus grande étendue possible. 
Où le débit de la riviére et les variations de charge sont tels que la 
capacité de production hydro-électrique sur laquelle on peut. dépendre 
sans autres sources de support serait limitée par le débit des années 
sèches l'instalation d'une capacité de production thermoélectrique sup- 
pléera la capacité hydro-électrique de deux manières. En plus d'ajouter 
au système la capacité supplémentaire pour les pointes elle fournira ca- 
pacité disponible en réserve qui justifiera l'installation des unités hydro- 
électriques peu coûteuses pour utiliser les débits moyens ou les débits au 
dessus des moyens de la rivière. Pendant les débits au dessous des moyens 
In capacité du systeme est soutenue par l'operation à capacité maxima de 
l'usine thermique. Cette caractéristique complémentaire permet d'aug- 
menter la capacité du système en excès de celle de l'usine thermique seule. 
Une description du rôle double de la capacité thermodlectrique dans un 
système de capacité hvdro-électrique: predominante est donnée dans cet 
article. 


Resumo 


Energia "Térmica como Complemento à Energia Hidro-Elética em 
regiões de grande potencial hidráulico (baseado em condições exi» 
tentes no Brasil), por R.G. Strandberg (1) e]. R. Chapman (25, é o titulo de 
um relatório no qual os autores descrevem fontes de potencial hidráulico 
come de tal maneira valiosas na economia de hoje, que elas devem ser uti- 
lizadas па maior extensão prática possível, Onde débito da corrente с 
vuriações de carga são tais que a capacidade segura de suprimento hidro- 
elétrico sem outras fontes complementares estaria limitada a débitos de 
anos secos, а instalação de capacidade geradora termo-elétrica comple- 
mentaria a capacidade hidro-elétrica de duas maneiras. Além de aumentar 
acidade geradora do sistema para fazer face às cargas máximas, ela 
garamiria uma reserva de capacidade disponível que justifica a instalaçã 
de unidades hidro-elétricas adicionais de baixo custo para о aproveita 
mento de débitos de água médios ou superiores aos médios. Durante os 
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periodos de débitos inferiores aos médios, a capacidade do sistema fica 
apoiada na operacio da usina térmica de alto fator de capacidade. Esse 
auxilio complementar torna possivel um aumento da capacidade total do 
sistema |superior ao que seria fornecido pela usina térmica apenas. 

О! relatório oferece uma descrição do duplo papel que pode desem- 
penhar ja. capacidade termo-elétrica num sistema predominantemente hi- 
dre lice; 

|. 
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STEAM POWER AS A SUPPLEMENT TO 
WATER POWER IN SWEDEN 


By FOLKE PETRI 
and LARS LINGSTRAND 


State Power Board, Siocahoim 


SWEDEN NATIONAL COMMITTEE 


GEOGRAPHY AND CLIMATE 


Lying between north latitudes 55° and 69° and between 11° and 24? 
east of Greenwich. Sweden is one of the most northerly countries in the 
world and on the same parallels as southern Greenland, Alaska and a 
number of other polar countries. Due to the proximity of the Atlantic. 
however, the average temperature is about 10° C higer than is normal 
at these latitudes and no part of the country has an arctic climate. The 
length of the country from north to south is about 1.000 miles and the 
total area about 173,700 square miles. About one-seventh of the country 
is north of the Artic circle. The country is bounded on the western. or 
Norwegian side, by the Scandinavian mountain range and, from a height 
of about 3,000 fect. slopes eastwards to the shores of the Gulf of Both- 
nia and the Baltic. The largest rivers in Sweden, which run from east to 
west, drain the mountainous region of the country. During the Ice Age 
many of these rivers were dammed by alluvial deposits which resulted 
in the formation of many of the lakes which today cover about 9° of 
the land area. 

The climate is mainly maritime and is influenced by the: Gulf 
Stream. The Swedish winter, defined as the time when the average 
daily temperature is below 0° C, lasts for about 7 months in the northern 
parts of the country and for about 2 1:2 to 3 months in the southern. 
Summer, that is when the average daily temperature exceeds 10° С, 
lasts for about 2 months in the north and 4 1/2 months in the south. 
The average annual rainfall is about 23 inches and the evaporation about 
10 inches. The greatest rainfall, up to and exceeding 80 inches, has been 
recorded in the north-west mountain district. 
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The country has hardly any mineral fuel although there are small 
coal deposits in the most ‘southerly regions: The deposits of econcmically 
workable coal are estimated at about 100,000,000 tons. There are no 
deposits of oil as such, but shale oil to an estimated total of 350,000,000 
tons can be extracted from known deposits. The country has rich peat 
deposits. estimated to be equal to about 4,000.000.000 tons of coal. but 
no > really satisfactory method of using this fuel has been devised. 


POWER SUPPLY IN SWEDEN 


In 1952 Sweden's output of electrical energy amounted to 20,600 
million kWh. or about 2,900 kWh per capita. This figure is about the 
same as in the USA and Switzerland but less than that for Norway and 
Canada. The consumption has risen steadily and relatively rapidy. To 
date the annual increase in consumption averages about 6.577 which 
represents a doubling in 11 yars. The power consumption for various 


purposes is devided approximately as follows: 


| “e of total 


| consumption 
Heavy industry 65 
Railways 10 
Towns and municipalities 20 


Rural districts 5 


Industry is the chief consumer and the largest users are the electro- 
chemical industry, the steel mills and the pulp and paper industry. The 
greatest increase in recent years has been in the pulp and paper industry, 
although the use of electric furnaces in metal production and working 
has increased considerably. Electricity is being used on an increasing 
scale in towns and municipalities. [n the domestic sphere electric cooking 
and water heating is on the increase and in the light industries more 
electricity is being used for heating and motive power. The water power 
is not| sufficient for the large scale heating of dwellings.- In the rural 
dictricts more than 95% of the homes have been electrified. This figure 
has been attained mainly as the result of more than ten: years of subs- 
tantial aid from the State to the electrification scheme. Power consump- 
tion in the rural districts is currently about 1,000 kWh per household 


which works out to about 260 kWh per acre of cultivated land per year. 
Power production in Sweden is controlled by the State, who are 
responsible for about 40** of the total production, and by the munici- 
palities and private companies who account for about 5% and 55% 
respectively. Of this 55% about 20/7 is produced by the industrial 
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concerns for their own use and the balance is produced by power com- 
panies, The supply of power to the consumer is mainly through the 
medium of municipal electricity works or collective distributing com- 
panies. 

‘The preduction of power is based almost entirely on water power. 
which, at the normal rate of flow, meets. with about 95% of the total 
requirements. The theoretical amount of energy that Sweden сап pro- 


Sar veus 


Fig. 1 — Мар of Sweden 
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duce from water power is about 150,000 million kWh. Of this amount 
at least 60,000 milion kWh can be exploited economically, and about 
[One-third of this amount, 22,000 million kWh, is harnessed and affords 
capacity of 4,000 MW. The ratio of the amount of power that could 
be economically harnessed and that actually nreduced differs in varying 
arts of the country. In the more densely populated southern region 
ractically all the available water power is ‘harnessed. The large |гетаі- 
ining water power resources are in the sparsely populated northern 
‘regions. | | 


| i In the south of Sweden the water flow is fairly evenly distributed 
over the winter and summer. In the north, however, there are strongly 
marked variations due to the accumlation of winter snows and the 
summer thaw and the result is water shortage in the winter and an 
"abundance in the summer. The land is. however. covered with lakes 
and this allows regulation of the seasonal flow. The numerous requ- 
lating stations allow adjusting the flow not only to the amount of|power 
‘required over the year, but to weekly and daily requirements. The 
existing reservoirs make possible the production of an annual quantity 
of 6.000 million kWh. that is. about 27% off the country's total power 
«production. | 
Ii | Approximately 3% of the total power production is thermal] power 
and of this amount 3'c is obtained from industrial back pressure |instal- 
Jations and the rest from the condensing power plants of power supply 
undertakings . Many of the Jarge industrial firms have installed back 
pressure installations. in particular the pulp land paper industry. The 
largest back pressure plants are each about 10,000 kW and the total 
power derived by this means is estimated at about 150.000 kW). The 
total capacity of the condensing power plants is about 750,000 kW of 
which more than one half comes from the four largest stations and the 
Test from a number of smaller stations. 
ун Nowadays nearly all the power stations are coupled on to a nation- 
Wide grid system which enables maximum advantage to be taken of 
water power and reduces the need for steam power. | 


Occasional and constant surpluses of water power in certain regions 
can: be used to make up the deficit in other areas where it would jother- 
Wise be necessary to use steam power. The need for emergency or 
reserve plant in the form of condensing plants is reduced and the 
chances of a power failure lessened. : | 


i 
i The grid system, which makes this joint öberätisn possible, stretches 


from the Harspránget power station north of the Arctic circle to the 
most southerly regions of the country. a total distance of about 812 miles 
às the crow flies. The voltage varies from 380 kV to 50 kV. In south 
| | 
1 


| 
| 
| 
| 
i 
| 
| 


| 
Fi 
| 
E 
n 
| 
| 
| 
Pp 


| 
Approved Fb Release 2005/06/07 : CIA- ee 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


| 
| 
| 
i 5 


| 
Sweden the system is connected by cable under Óresund to the Danish 
steam power stations. In the extreme north there is a connection with 
Norway. i 


| STEAM POWER TODAY 


In alcountry such as! Sweden where the electric power supply is 
based almost entirely on water power, steam power does not, on the 
whole, play a very important part but it is, nevertheless. a necessary 
complement if the water power is to be harnessed to the best economical 
advantage. | 

The | main advantage of steam power plants over water power 
stations is that they can be located near to the load centres. This reduces 
the cost of transmitting power which. in a country with the length of 
Sweden. forms an appreciable proportion of the cost of delivering the 
power to the consumer. The need for a suitable water supply for the 
boilers and cooling system jand also the need of a good port so as to 
minimise |fuel transport costs somewhat reduces the possibilities for 
erecting steam power stations just where they would be most useful. 
However, as the large consumers of electric power are very often ports. 
the desired conditions are met as a rule thus the defficulties of locating 
steam power stations are relatively sligth. А further advantage of a 
steam power station is its independence of hydrological conditions, regu- 
lation restrictions and the like. 


The main disadvantage of steam power stations in Sweden is that 
the песе sary coal or fuel ^il has to be imported, which means the risk 
of a fuel Crisis in the event of international disturbances or transport or 
dock strikes. Foi a long time now efforts have been made to utilise the 
peat deposits, but so far this fuel has been used only as an emergency 


measure, to a certain extent for heating purposes. and hardly ever for. 


steam power production. | 


From the operational point of view there is the disadvantage that 
steam power cannot be turned on immediateiy but, in this respect. 
Swedish technicians have been able to reduce the starting time to a 
degree that was believed impossible in other countries. 


A further disadvantage is that there are considerably more sources 
of possible trouble with a steam engine on intermittent duty than with 


water power. ; 


An analysis of the use of steam power in Sweden today shows 
that it is required mainly to|fill the following functions: 
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1. During the years when the water supply is adequate steam 
power can be used for peak load generation when the output froin the 


water power stations is insufficient. 


Fig. 2 shows how the varying daily 


requirements are covered by water and steam power. Even if the 


volume of water is sufficient to meet 
is not always enough to cover the 
winter peaks. These are. however, c 
possible to raise the output of the 
could cover the peak load periods thi 
details of this aspect of the questio 


the power requirements the capacity 
eak loading, especially during the 
omparatively short. Even if it were 
water power stations so that they 
s would not be economical. Further 
n are given in the ensuing. chapter 


"Optimum supplementary steam power”. 


2. Perhaps the most important 
power when there is a shortage of 
of applying this is to run the steam 


function of steam power is as basic 
energy. The most económical way 
plants under as even a daily load 


as possible and to cover the pcak periods with water power, as is shown 
in fig. 3. It would not be feasible to harness so much water power so 
that one could dispence with steam power during the more marked water 


shortages. The variations in the wa 
economically possible. In the more 


ter flow are too great to make this 
extreme dry periods water power 


can fall to about 80% — 85% of normal and in some years to 6577 — 


70%. Variations in individual rivers 


are суеп greater and it is only due 


22/7 


Time in hours 


Fig. 2 — The combination of water power a 


nd steam power wilh adequate water level 
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to the linking between various rivers that the figures are held to the 


limits mentioned. The average annual flow in the rivers in 
central Sweden can drop to 40% — 50% of normal and in 
to 70% — 805€. 


3. Steam power stations are important as a reserve i 


south and 
the north 
“4 


inm case of 


breakdown. As steam power stations are generally situated; ¡near the 


more ímportant load centres they serve as а reserve for both 
power stations and the transmission installations. In this 


the water 
onnection 


it is assumed that the steam power station can be quickly brought into 
action. This means that the construction of the boilers and the! turbines 
must allow for such exigencies and that, to a greater or lesser extent. 
a head of steam must be maintained sufficient to meet the breakdown 


risk and the operating conditions. | 


4. А fourth function is the use of steam power as а 
the event that the development proqramme lags behind th 
in load. "This can arise when the load imposed turns out to 
than had been estimated or when construction falls behind 
Аз there are quite large differences in the amounts of power 


| = 


5 у 
reserve in 


€ | increase 


be greater 
chedule. 
generated 


by water power stations the Flexibility afforded by a steam power station 


is a valuable complement. 


Time in hours 
Fig 3 — Combination of water power and steam power at time of wate 
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5. Steam power station can be used for voltage regulation. and 
i increasing the stability of the long distance power supply systems. The 
i fact that they are located near the load centres is advantageous for phase 
compensation. 


HARNESSED STEAM POWER STATIONS 
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E As has been previously mentioned the harnessed steam power ca- 
| pacity in Sweden amounts to 900 M'W and that from water power to 
4.00 MW. This means that steam power capacity is about 20% of 
¡the total, but the actual amount of power generated is appreciably 
| smaller. The highest power production from steam condensing plants 
| Was during the exceptionally dry period in 1947/48 when it reached 
not less than 1.140 million kWh, or about 9%é of the country's total 
| production of water and steam power. In addition there was the not 
| inconsiderable production of 660 million kWh from industrial back 
| pressure installations. The combined thermal powe: generation that 
| year was about 14“, of the total production. 
| The four largest steam power stations are: 
| The Västeras plant. which is the State's steam power station. The 
| capacity is 220,000 kW from seven turbo-generators, the two largest 
| of which each produce 65,000 kW. The additional boiler plant consists 
| of six old-type conventional boilers for a pressure of 20 atmospheres, 
four tower boilers fired with pulverised coal and oil two of which 
| work at 24 atmospheres, and two newly built ones working at 35 atmos- 
| рһегев. The reason for the relatively low pressures is partly that the 
plant is designed to operate as a peak load and reserve station and 
| consequently has to be of the quick-starting type. Linder normal condi- 
| tions the plant can start from cold boilers in 60 minutes or. with forced 
| draught firing. in 30 minutes. The steam temperatures for the older 
| installations are 350º C and 435º C respectively and 480? C for the re- 
| cently installed ones. With the exception of one, the turbines are Ljun- 
Aström double rotation type (Stal). These are characterised by their high 
i thermo-dynamie efficiency and small dimensions. As a result of the 
‘symmetrical construction of the turbine system the temperature increases 
| are uniform and the turbines can therefore be started quickly and take 
rapid load changes. The largest of the existing turbines, generating 
about 65 MW. can thus reach full load from a cold start in 15 minutes. 
| The load can be varied from zero to maximum almost instantly. 

The Vártan plant in Stockholm. belonging to the Stockholm Elec- 
tricity Works. is one of the older type with a capacity of 100,000 kW. 
The steam pressures are 14 and 24 atmospheres. 
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The Malmë plant. belonging to the South Swedish Powcr Company. 
has three|turbo-generators giving a total output of 70,000 kW. The 


steam pressures are 31 and 50 atmospheres. 


The! Öresund plant. also in Malmô and belonging to the South 
Swedish Power company. is the most modern installation and the first 
section, generating 65.000 kW, was started in 1953. The turbine is the 
same as that t Vasteras and has two coal and oil fired radiation boilers 
for 80 atmospheres and 500° C. The boiler capacity has been divided 
to increase ¡the efficiency at part load and to lessen the damage in the 
event of a boiler breakdown 


OPTIMUM SUPPLEMENTARY STEAM POWER 


As far| as the relative costs of steam and water power are concerned 
it can bel | paid, very generally, that the installation costs per kWh for 
a steam power station are less than those for a water power station when 
allowing for transmission costs. On the other hand the annual running 
costs for a steam power station are much higher. This is due mainly 
to the fact 1 that fuel costs are high but also to the higher operating and 
maintenançe costs. On the basis of energy produced the steam power 
station gives a low cost per kW bur a high cost per kW. For water 
power station the opposite is the case. Long term energy requirements 
are produced more cheaply with water power but otherwise steam power 
is advantageous. By combining steam and water power it is possible, 
therefore,| 0 calculate the most economical application of steam power. 
'The present cost of erecting a steam power station works out to appro- 
ximately 200 Swedish kronor (100 Swedish kronor — £ 7 or $ 20) per 
kW or sométhing over that for the largest installations and up to 
700 — 1:090 kronor for smaller plants. The corresponding costs for 
water power stations are only occasionally as low as 500 kronor per kW 
and are app often between 700 and 1,000 plus transraission costs ave- 
raging 300 — 400 per kW. bringing the total to about 1.000 — 1,400 
рег kW. | | 

These! total costs are generally applicable for power stations in 
southern Sweden where the transmission costs are certainly lower but | 


the cost ofl harnessing the power is generally higher. 


In order ito make а comparison between the relative costs of pro- 
ducing energy by water power and steam power the percentage cost 
per annum and the utilisation time must be allowed for. The annual 
percentage tost at the present interest rate in Sweden (about 4%) is 
about 86a for water power station and about 10% for steam power 
stations, ex luding fuel costs. The utilisation time, calculated on the 


installed capacity, works out to about 5.000 hours a year in modern 


I 
IM 
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water power stations, Applying the current relationship between water 
and steam power the utilisation time in a steain power station can be 
expected to average about 1,000 hours. Based on these figures the 
output cost for water power is calculated at O.016 — 0.022 Swedish 
kronor per kWh. 'The cost of steam power, allowing for the operating 
costs, is 0.04 Swedish kronor. which, corresponding to the price of 80 
Swedish kronor per ton for coal and allowing for a consumption of 0.5 
kg. per kWh. is 0.09 Swedish kronor per kWh for large installations 
and up to 0.14 for small. The difference in output cost is. therefore, 
considerable. The price of fuel makes little difference. If for example. 
the price of coal was altered by 10 Swedish kronor per ton the cost of 
steam power would only differ by 0.005 Swedish kronor per kWh. On 
the other hand the costs are greatly affected by the utilisation time. 

Figure 4 shows how. in principle, steam power. surplus power and 
overflows, calculated on an annual basis, differ with the available water 
power. With steam power, only power from condensing plants is con- 
sidered. and with surplus power, only deliveries to industrial electrical 
steam boilers. These are of great importance in a country such as 
Sweden which has widely varyng water power resources. Overflow 
is the amount of power that could have been produced if the need had 
demanded it, The percentage of available water power allows for the 
load inciuding power transmission losses but excludes power deliveries 
to electric steam boilers. The curves are based on statistical material 
and the figures for a particular year could, of course. vary appreciably 
from those shown. For instance, if the water power resources fall below 
à certam point the steam power supplement rises rapidly. During an 
exceptionally dry year the need for steam power is appreciably higher 
than in normal years and as a rule this determines the steam power 
capacity that must be harnessed to ensure that power supply is main- 
tained during such years. With greater water power resources, on the 
other hand, the water power surplus rises and a greater or lesser quantity 
can be used in electrical steam boilers and the rest stored in reservoirs 
until the following year, the so-called annual regulation, or run to waste. 
If there were no limit on the degrees of regulation and the water power 
stations had а sufficient capacity margin there would be no surplus 
power or overflow during the years when the water level was less than 
100% and no need to use supplementary steam power when the level 
was over 100%. However, as the water power capacity is now insuffi- 
cient and the facilities for regulation are limited, the water level cannot 
be adjusted to the net load throughout the year and in consequence 
there is a surplus of power and overflow at the same time as supple- 
mentary steam power is needed. 


By marking fig. 4 with a permanent curve representing annual 
water power resources over a longer perind, calculated at the same 
stage of development. and relating the costs of water and steam power, 
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the most economical average water power resources can be determined. 
Experiments carried out have shown that the economica! optimum for 
the degree of development, which| means the average or normal water 
power resources in relation to the| load, calculated as mentioned above 
and related to present costs, is about 110%. At this degree of devc- 


lopment the average supplement fram condesing plants is about] — 2¢¢ 


Calculations carried out prior! to the second world war showed 
that a normal steam power supp ement of 10% gave an economical 
optimum if the following factors were allowed for : relatively speaking. 
lower steam power costs, and a considerably smaller power joint opera- 
tion with larger variations in the water power resources from year to 
year as a result. During and after ;the war the cost of steam power 
has risen in proportion to that of water power. mainly because of the 
heavy increase in the cost of fuel. ¡and this has resulted in the reduction 


of the economical influence of steam power. at current prices, to the 


1 — 2% mentioned above. | 


The amount of energy produc 
total produced has. during the po 


1 
ed by steam power as related to the 
БЕ War years. been greater than the 


optimum given above. The reason for this is that the post war load 
rose so quickly that therc has not: been time to erect water power 


stations to the extent that was nec 
power reserve 


ast 


essary to maintain the desired water 
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jas the functions of water power resources 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


12 


THE FUTURE OF STEAM POWER STATIONS. | 


The water power available is limited and, on the basis of the load 
increase of 6.5% that has been experienced during recent years, will 
be fully utilised by 1970. Before that time. when all the power is 
harnessed, one can either harness enough water power so that both 
sufficient capacity and energy can be obtained from water power. even 
during a dry year, or supplement a more normally developed | water 
power with adequate thermal power. As has been shown earlier. main- 
taining the economical optimum at current prices. the exploited | water 
power resources during a normal year exceed the nct load by about 10%. 

Current plans for developing water power are being directed so 
as to achieve the surplus mentioned. This means. on the average, an 
annual addition of 1,600 — 1,700 million. kWh. corresponding | to an 
annual capacity increase of about 300 MW. It is not certain that de- 
velopment on such a scale can be maintained in the future, owing to 
labour difficulties and financing. The latter factor becomes more im- 
portant when the smaller and more expensive falls are to be exploited. 
One should. therefore. reckon with a certain réduction in the future 
development of water power. As a result of the large scale exploitation 
of water power during the coming few years the need for power from 
condensing plants will decrease, but this can be expected to increase 
later. | 

The deciding factor in constructing steam power stations | is not 
how much thermal power is needed in a normal year but how | much 
. : is needed in a dry year. The steam power capacity required is determined 
by this and by the maximum utilisation time for steam power plants. The 
factors that limit the utilisation time are firstly, allocation. difficulties 
owing to the limited possibilities for regulation in the water power sta- 
tions and secondly, shut downs in the steam power plants. One| of the 
main reasons for producing steam power is that the water power re- 
sources do not accommodate the net load. With a very low load, such 
as is encountered during public holidays and during the indust al va- 
cation period, and when the river is high. for example during the|spring 
floods when the snows have begun to melt, the uncontrollable! water 
power resources are, as a rule. so large in relation to the load that steam 
power cannot be used. At certain times of the year short-time regulation 


of the water flow is forbidden in a number of power stations. Similarly 
the amount of water drawn off must not be varied at the beginning or 
end of the winter season when the ice begins to form and thaw. This 
is to protect the inhabitant’s right to winter paths over the rivers and 
so as to prevent the formation of ice dams. It is also, as a rule, forbidden 
to vary the flow appreciably when timber is being floated down the 


river. These regulations result in so much water being drawn off during 
I 
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the night and during holiday periods that steam power cannot be allowed 
during these periods. Allowing for the necessary shutting down of the 
boilers and turbines for maintenance and repair. the maximum utilisa- 
tion time for steam power plants is about 3.000 hours, which is little 
more than half of the load utilisation time. With a load! increase of 
1,500 million kWh per annum and a maximum utilisation time of 3,000 
hours the annual addition in power required from condensing plants is 
about 50 MW. ge 


When the time arrives that all the water power beg ins to Бе utilised 
and the cost of harnessing water power incrcases rapidly, the: need for 
steam power will increase. It will soon be necessary to utilise steam 
power stations for basic power and steam power will have a considerably 
longer utilisation time. This means that greater consideration! must be 
given to the efficiency of the installation and the need for quick-starting 
boilers and turbines is thus reduced. In order to attain the highest 
possible efficiency in condensing power plants, load variations will be 
avoided and they will only be used for seasonal, weckly and. possibly. 
daily regulation. The water power stations, on the other hand, will take 
care of the shorter capacity variations. Of course, any development 
in this direction depends largely on the planning of future water 
power stations. Probably developments will be such that [water power 
stations that afford good facilities for short time regulation should be 
intensively developed. It is necessary therefore, to bear this'in mind 
now when planning the water power stations that will come into use 
during the next ten years. The new stations now being Built аге, in 
general, designed so that one or more sections can be added in the 
future. It is evident that the harnessing of water power, becomes 
unreasonable if the production of steam power plants in the; future is 
mainly to provide basic power evenly distributed over the; year. It is 
quite posible that, as the result of the increase in steam power, one must 
also build steam power stations for a shorter utilisation time! than has 
at present been envisaged. This will, of course, be decided ‘by how 
the power can be most cheaply produced. either by harnessing increased 
quantities of water from the rivers or the development of: Steam power 
stations. qd do 


PLANNED STEAM POWER STATIONS. | à 


Development plans for condensing steam power plants in Sweden 
during the next few years include three large stations in the Vicinity of 
the three largest towns in the country. The old Vartan plant in Stockholm 
will be augmented by a 60 MW station and, in Malmö. the Oresund 
plant mentioned earlier is being developed, the planned total! capacity 
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being 350 MW. The first section has already been set in operation and 
another one is expected to be ready next year. The State Power Board 
plans to erect a steam power station generating 400 MW near Gothen- 
burg and to have the first section in operation by 1960. The conditions 
under which this plant will operate have been .xamined. and as they are 
expected to be representative of requirements during the 1960's it may 
be of interest to mention some of the results of the inv estigation . 


The utilisation time for: steam power during the 1960's has been 
calculated, on the average, as being 1.350 hours at 105 + development 
and 750 hours at 110% degree of water power development. On the 
average steam power will, be: used every fifth year to provide long term 
production (utilisation time 3,000 hours) whilst in the other years the 
plant will be used for peak load generation. In order to decide which 
is the most important, high efficiency with steady operation or low start- 
ing costs for peak load operation, the annual cost of basic: plant and 
stand-by plant can be cáleulated for various utilisation periods. Fig. 5 
shows the curves for the annual costs as the function of the. utilisation 
time for an assumed output of 300 MW. The capacity has been cal- 
culated on an instalation cost of kronor 500/kW and a fixed| annual cost 
of 105%. For the basic planti a 10% increase in efficiency. la 100% in- 
crease in starting costs andia 4fc increase in installation costs have been 
assumed. The crossing point of the lines is at about 1,500! hours. that 
is at a somewhat higher utilisation time than has been calculated for 
steam power stations during 1960. On the basis of the calculated utili- 
sation time a stand-by plant is preferable. 5 


On the basis of the [above results it has been decided ? build the 
projected plant as a star 


пау station with facilities for quick starting 
and rapid variations in load, With a 100 MW turbine the normal start- 
ing time is computed at about 15 minutes. The boilers are designed as 
radiation steam boilers and will take 1-2 hours to heat up, On the 
days when — according |to a pre-arranged plan — peak capacity is 
required, the boilers will be; rought up to full pressure early in the morn- 
ing and then the fires will be put out. When the peak load is approach- 
ing the turbines are started and the boilers re-fired. The turbines begin 
to generate power in about 13 minutes. If quicker starting is called for 
the turbines are held in phase with the net and are allowed to idle 
while the boilers kept warmiso that there is no drop in pressure. In this 
case the starting time is reduced to about a minute. During winter peak 
periods, when there are tw or more peaks, the above operational me- 
thod involves starting up the! turbines and re-firing the boilers several 
times a day. This method of starting is already being used in existing 


plants with good results. IN | 
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THE DEVELOPMENT ОЕ BACK PRESSURE INSTALLATIONS. 


The previous remarks on steam power are applicable to condensing 
plants, but it can be of interest to examine the position concerning the 
development of back pressure installations. Production by this method 
has, in recent years, reached about 500-600 million kWh per annum. 
By the development of existing plants and the erection of new industrial 
and heat and power plants this production will rise to between 1.500 
and 2,000 million kWh per annum by 1970. The combination of heat 
distribution and power production is of special interest as it can result 
in a saving of fuel. This is of special importance in Sweden where the 
lack of fuel is so marked. Research shows that we can expect the 
Swedish towns with over 20.000 inhabitants to produce 700 MW ог 
1.600 million kWh per annum together in such installations. Аз a 
result of the higher efficiency in relation to other types of heating. the 
annual coal saving should amount to about 150.000 tons. Electric 
power from heat and power plants will, in the main, be used only during 
the winter months when the need for electric power is greatest. 'This 
should prove a valuable addition and should reduce the need for 
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Fig. 5 — Annual cost of stand-by plant and basic plant as functions of the utilisation time 
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condensing power installations, which use much more coal per kWh. A 
recent survey shows, however. that as long as cheap, untapped water 
power is available and there is a surplus of water power during the 
greater part of the year, the advantage to.be gained from heat economy 
and electric power production is comparatively unimportant. The in- 
terest in heat and power stations is great. however. and research as to 
how' remote thermal power can be incorporated in the power supply 
system continues. The two technical highschools in Sweden take a 
share in the efforts for development of this branch. Thus rather big 
plants have been built at the Royal Institutes of Technology in Stoc- 
kholm as well as in oGothenburg. 


SuMMARy 


In a country such as Sweden, where the power supply is based 
almost entirely on water power. steam power does not. on the whole, 
play a very important part but, it is nevertheless, a necessary comple- 
ment if the water power is to be harnessed to the best economic 
advantage. 

Steam power stations serve as stand-by stations when there is a 
capacity shortage. and as basic stations when tnere is a shortage of 
energy. They can be used as reserve stations in the event of a break- 
down and can be incorporated in the development schemes for water 
power stations wnen the power output, additions to which are made in 
fairly large increments. cannot be adequately adjusted to the conti- 
nuously increasing load. They are also used for voltage requlation and 
for improving the stability of the distribution service system. 

Steam power gives а low cost per kW but a high cost per kWh. 
whereas with water power the opposite is the case. With reference to 
the relationship between water power and steam power an economical 
optimum is reached when thc average water power resources amount to 
110% of the load. This results in an average supplement of 1 - 2% 
from condensing installations. The maximum utilisation time for steam 
power stations is 3.000 hours. An annual addition of about 50 MW in 
condensing plant power is required when water power is — as at pre- 
sent — extended by 300 MW per annum. 

The country's water power resources are limited and can be ex- 
pected to be fully utilised by about 1975. From then on load increases 
must be covered by thermal power and it will be necessary to make a 
continuous use of steam for basic power, while the water power stations 
handle the peak loads. Greater consideration. must be given to the 
efficiency of steam power stations. 

The combination of heat distribution and power generation in heat 
and power stations can be an important factor. 
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: En suecia, cuya aprovisionamiento de energia eléctrica se basa casi 
fy exclusivamente en la fuerza hidráulica, la fuerza de vapor desempefia 
tH un papel poco importante. Sin embargo representa un complemento 
n necesario a la fuerza hidráulica a fin de que se pueda aprovechar esta 
HA última de una manera económica. 


' ‘Las centrales térmicas sirven de centrales de sobrecarga, es decir. 
para la producción de energia durante las horas de mayor consumo, y 
también hacen las veces de centrales de reserva durante épocas de es- 
casez de energia. También se usan como centrales de reserva en caso 
dé interrupciones de marcha y se recurre a estas centrales en los casos 
en que el programa de expansión de las centrales de fuerza hidráulica, 
con su continua construcción de nuevas centrales. no se puede ajustar 
por entero al consumo que aumenta constantemente. También se usan 
para la regulación del voltaje y para el aumento de la estabilidad del 
sistema de transmisión de corriente. 


La energia térmica supone un bajo precio por kW pero un aito 
precio por kWh. mientras que para la fuerza hidráulica, si se incluye 
Fl lel coste de la transmisión de la energia. se obtiene el resultado contrario. 
Considerando la relación entre los costos de la fuerza hidráulica y de 
ja fuerza térmica, se obtiene un óptimo económico cuando el suministro 
G ¡promedio de fuerza hidráulica sube a un 110% de la carga, dando una 
adición promedia de fuerza de condensación de 1 a 2%. 
| El tiempo máximo de aprovechamiento de las centrales térmicas es 
de 3.000 horas. Una adición anual de fuerza de condensación de apro- 
ximadamente 50 MW es necesaria cuando la fuerza hidráulica se com- 
pleta, como actualmente, con 300 MW “año. 
| Los recursos hidráulicos del pais son limitados y se calcula que 
estarán completamente explotados hacia el ano 1975. El aumento del 
consumo de energia a partir de era fecha tendrá que cubrirse con fuerza 
térmica y habrá necesidad de aprovechar normalmente las centrales tér- 
micas para el suministro del consumo corriente, mientras que habrá que 
recurrir a la fuerza hidráulica рага atender a las horas de máximo con- 
sumo. Entonces hay que obtener cl máximo rendimiento de las cen- 


NEMUS 


trales térmicas. 


La combinación de distribución de calor y Ja producción de energia 
en las centrales de fuerza y de calor puede ser de importancia. 


RÉSUMÉ 


En Suède. où l'alimentation en énergie électrique est pratiquement 
fondée uniquement sur la force hydraulique. l'énergie thermique joue un 
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trés petit rôle. Les centrales à vapeur constituent seulement un com- 
: plément nécessaire aux centrales hydrauliques afin qu'on puisse les ex- 
ploiter de la maniére la plus économique possible. 


° Les centrales à vapeur servent comme centrales de pointe en cas 
, de manque de puissance et comme centrales de base en cas de manque 
: d'énergie. On les utilise comme réserve en cas de perturbations d'exploi- 
: tation et l'on peut y avoir recours quand le programme d'extension 
| des centrales hydrauliques. qui fournit de gros appoints d'énergie, ne 
‘peut par suivre tout à fait l'accroissement continu de la charge. On les 
‘utilise aussi pour le réglage de la tension et pour améliorer la stabilité 
dans les réseaux de transport de force. 


Les centrales à vapeur exigent un faible prix par kW installé mais 
jun) prix élevé par kWh produit alors que c'est le contraire avec les 
'centrales hydrauliques, si l'on compte les frais de transport. En consi- 
idérant les frais relatifs entre les centrales hydrauliques et les centrales 
‘à Vapeur, on obtient le résultat économique optimum quand la puissance 
‘hydraulique moyenne dont on dispose s'élève à 110%+ de la charge. ce 
‘qu donne un appoint moyen de puissance thermique à condensation 
de|! à 2%. 
| Le temps d'utilisation maximum des centrales а vapeur s'élève à 
3.000 heures. Un appoint annuel de puissance thermique à condensation 
d'environ 50 MW est nécessaire, quand le développement de la puis- 
sance hydraulique atteint comme maintenant 300 MW гап, 


: La puissance hydraulique dont dispose le pays est limitée ct l'on 
peut compter qu'elle sera toute utilisée environ 1975. L'accroissement 
de lla consommation devra être couvert à partir de ce moment par de 
l'énergie thermique et l'on sera obligé d'employer les centrales à vapeur 
pour la production de l'énergie de base. tandis que les centrales hydrau- 
liques assureront la consommation de pointe. II y aura lieu d'apporter 
une attention. particuliére au rendement des centrales à vapeur. 


| | La combinaison de la distribution de chaleur avec la production de 
force motrice pourra avoir de l'importance. 
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Lo Introduction — Оё 


Whenever a new power plant is to be|s 


portant tasks confronting the planners is юе 
new establishment is. In order to define hrie 
nation. may it suffice to say that the пег 


WITH PARTICUL. 


mi 


signed. built and operated in such а way û 


the object of this e exami- 


[ро er plant shoukl һе de- 


О]епзиге that the forms of 


energy supplied therefiom should be charged With the smallest possible 
total cost from the point of view of natje mal; 


place of consumption, and the same tir 


the 


economy relative to the 
securitv of the energy 


supply should be the greatest in so far as Is warranted by considerations 


falling into the sphere of national economy. 


power plant supplies an isolated district of 
in the case of heat energy supply — thes 
are generally of this kind — and if the: 
operating network, 

The examinetion of the reciprocal and 
nerating plant and the existing power pla 
complicated as compared with calculations 


: . = dd 
an isolated power plant, yet this examinalio 


tance as the new power plants — except i 
are no longer operating separately, but in 


plant system interconnecied by à high сар 


Hi 
The respective examination assumes | diff 


mo 


rent forms if the new 
sumers. as for instance 
isupplying power plants 
ower plant feeds a co- 


tual effects of a new ge- 


stem are manifold. and 


concerning the economy of 
dip of fundamental impor- 
some exceptional cases — 
cooperation with a power 


transmission system, 
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lt is advisable to examine the economy of a new cooperating power 
plant in order to be able to select the most suitable type in the case of a 
conventional condensating power plant, but it is inevitable when we erect 
a special power plant. This is the case of hydraulic power plants are to 
be introduced into a system consisting mainly of steam power plants, 
or vice versa: the same also refers to cases, when a heating power plant. 
а steam or hydraulic peak power plant or any new power plant is being 
built which has to supply a given section of the load curve of consumers. 
In such a case, in order to find the most favourable solution. from an 
economic point of view, we must examine also the case whea the systein 
being supplemented with instead of a new special power plant is supple- 
mented: with such as e.g. à customary type of à condensating power 
plant. the production capacity of which is, from the consumers’ pomt of 
view, “worth” as much as the power plant in question. 


The present paper gives, by utilising the previous results of tech- 
nica literature. a new method tor the examination of the economy of 
4 new power plant inserted into a cooperating system, taking into con- 
sideration the effect of the new power plant on the system. It is generally 
known that the examinations concerning economy take into account the 
Hactuation of the yearly overall costs and are thus extended to the 
change in both the investment and operation costs. The capacity of po- 
wer plants of different types evaluated from the stand point of the ad- 
missible increase of consumers’ peak demand deduced and established 
by probability calculation — and which determines the fixed costs, and 
furthermore the direct examination of the change of the current costs 
of the whale system, are together the factors that make possible the 
estimation of the econamy of a new power plant. 


2. Preliminary estimates relating to load fluctuations op the network 
Wher making calculations concerning economy of power plants ane 
must be aware of the load fluctuations in function of time. In the case 
of a power plant system this requires knowledge concerning the result- 
ing load curves. As we try to make examinations concerning the economy 
tor а possibly maximum time period it. is necessary ta know the load 
curves of the system in the late future, S 


Methods are known according to which the probable load — and 
duration curves may be drawn know ing the characterisucs of consumers. 
Calculations concerning economy have so far been derived essentially 
trom the vearly load and duration curves pre-estimated in this manner. 


The yearly load and duration curves are. however, only suited for 
a description of phenomenae of power plant system m а rough, appro- 
Nunate way, notably on account of the fact that. although giving in- 
formation concerning the frequency of a certain given load, no-conclu- 
sions Whatsover can be drawn relating to the temporary course of load 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Kl 


fluctuations. In the interest of the perspicuity of the relations of the 
power plant system our examinations must be worked out for a shorter 
period, practically for davs and from the result we can conclude to the 
whole усаг. 

It is to mention that the pre-estimated daily load curves. of course. 
signify oniy probable values, and in practice deviations may be expected. 
Despite this we shall, forthwith, handle the pre-estimated load values 
as actual fects, Results attained this way will. however, have to be cor- 
rected by introducing the probability of consumption, instead af con- 
sumption taken as actual fact. 


3.. Share of yearly current costs of a new thermal power plant 
introduced into a power plant system, 


In thermal power plants the decisive part of the vearly current costs 
is in proportion with the amount of generated electric power: a smaller 
part of it depends on the investiment costs of the plant. 

As we know it is a plain task to determine the current costs of an 
isolated condensating power plant. The case is different in connection 
with a power plant operating in a power plant system, in which case 
the share of the new power plant in the costs proportional to gencrated 
electric power is the resultant of its own cost and of the modification 
of costs of the whole system. 

The vearly current costs of the new power plant depend thus on 
the load of the power plant and on the load changes of the existing 
power plants, thus оп the distribution of the total consumer load her- 
ween the existing power plant system and the new power plant. 


The distribution of loads must take place on the basis of principles 


-ef-economy, the method of which. i.e. the economic load distribution 


is duly known from practice as well as from hterature 21,2. . As well. 


known load distribution. is economical if the total consumer load is dis- 
tributed between the existing power plant system and the new power 
plant in а way that the cost of 1 kw added to the load of the existing 
power plant system should be equivalent with the cost of 1 kw added to 
the Joad of the new power plant. The equality of insrement costs is à 
condition of economical distribution af load. 

The overwhelming part of costs proportional to the amount of qe- 
nerated electric power derives from the coal cost of the power plant 
which is agein proportional with the heat consumption. of the power 
plant. In general, we do not commit a noteworthy fault when determin- 
ing the load distribution — instead of on the basis of the equality of she 
increment costs of the power plants — on the basis of the equality. o? 
increment-heat-consumption, wherefore we shall forthwith follow this 


method, mentioning that eventually some correction 18 required. 


bs 
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Thus the somewhat simplified. task as to calculáte the heat con: 
sumption allotted to the new power plant on some average dav by paving 
attention, apart from the power plant's own heat consumption, to the 
change in heat consumption of the existing power plant sv stem. as com- 
pared to conditions preceding the insertion of the new power plant. A 
calculation method must be applied according ta which rhe change in 
heat consumption of the existing power plant system may be caleulated 
directly. For this end the existing increment heat consumption characte- 
ristics may be used which are anyhow required for the calculation of р 
economical load distribution. We introduce the calculation method Cor 
the case when the power plant system is supplemented with a plan: 
having any value of efficiency. , Fig. 1... 

The asily load curve of the existiny power plant system, prior to 
the load increase. is shown bv curve à of figure 1. and that after the 
load increase by curve b. From the presumably known hear consumption 
conditions of the existing power plant svstem the increment heat con- 
sumption curve, marked by curve c. may be drawn, 

In order to cover the N, peak demand surplus, we install a nes 
thermal power plant of N, generating capacity, by neglecting self. 
consumption and reserves. Presuming to know the specific heat con- 
sumption curve of the new power plant we make a calculation concerning 
its increment heat consumption curve marked by lines 4 in figura 1. The 
distribution between the existing power plant system and the new power 
plant is economical if the existing power plant system and the new power 
plant are operating at identical increment heat consumption. points, The 
resultant increment-heat-consumption curve of the supplemented -vstem 
is shown һу curve c. 

The economical distribution of the output Nº increased in anv e time 
is shown by points | and 2 of figure 1 ‘The sew thermal power plant 
carries a load JN according to point 2, and the existing power plant 
system a load N' according to point I. In this wav we can fia the 
load shared by the new thermal power plant in any time of the examined 
day curve / and. on the other hand. whether the existing power plant 
system will. as compared to its previous state. carry more or less joad 
‘curve g^. 

Vhe daily heat consumption of the new power plant may be cal- 
culated from its determined daily load curve , and of the values af its 
heat consumption known in function of load. The decrease or increase 
ot the daily heat consumption of the existing power plant system шау be 
drawn on the basis of the increment-heat-consumption curves of the 
system ¿figure 1, curve c . In the examined time + the load change 

N'-N of the existing power plant кузеп is known, on the basis of 
the load distribution between the existing power plant system and the 
new power plant. the corresponding heat consumption change of which 
in the present case à surplus is the striped area on figure 1. After 
counting the values of the whole dav we get. on the one hand. the heat 
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consumption of the new power plant on the examined day and, on the 
other hand. the change in daily heat consumption of the existing power 
plant system. The summing up of the two values renders the daily total 
heat consumption used for generating the electric power surplus. 

The determination of the daily heat consumption allotted to the new 
: power plant has been, with the help of the increment-heat-consumption 
curves suited for revealing the essentials of the method to be followed. 
When making a calculation concerning economy we are, however. ulti- 
mately not seeking the value of heat-consumption allotted to the new 
power plant but the yearly overall current cost allotted to the new potter 
plant. In the same manner as the daily heat-consumption allotted to the 
new power plant could be calculated with the help of the increment heat- 
consumption curves, we may also calculate the daily current cost allotted 
to the rew power plant with the help of the increment cost curves and 
thus obtain the yearly current costs. 


—.— 


EE‏ ی ا 


س ا س ا ——.—1— 


ка 


. Valuabie Capa И] 


Apart from the current casts tlie economy of power plants is chiefly 
influenced by the investment costs and the fixed costs respectively, pro 
portional to the former. The investment cost is definitely determined by 
the equipment and inner layout of the power plant, The generating ca 
pacity obtained hy the power plant is, however, not so exact. 

Concerning the generating capacity of power plant sharp difference 
} must be made between the so-called installed gonerating capacity of the 
power plant. which generally means the total installed generating capa- 
city of generators and the capacity by which the power plant stands at 
| the disposal of the network of consumers and which changes an the 
course of time, This generating capacity is always samller than the ins- 
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talled one. partly on account of the missing gen 


machines. owing to maintenance according ta th 

partly on account of the loss of generating cappe 

breakdowns and partly on account of other, eri 
0 


ses. Causes of this kind may be: the fluctuati 
hydro power plants. the variation. of heat dent 
plants supplying steam for heating and indu: | 
ciple the seasonal fluctuation. of the temperity 
condensating power plants etc. 

In fui: knowledge of the inner structure dá 
of the power plant further of the required rose 
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rating | capacity of idle 
e operating schedule, 
idue to unexpected 


Шу changing cau- 
E e crea flow ot 


¿Case of power 
SOS, Or in pm- 
cooling water in 


the operation schedule 
+) cap city the size of 


the power plant may be chosen for the safe power supply to given con- 
sumers or vice-versa, it may be stated what yundrating 


sented by a power plant erected with а fied fi 


from the stand-point of safe power supply to. 
permitting an increase of the demand of co 


vest 
5 


the new power plant will be called valuable доде.) 


In orcer to fix the valuation of different 
on a common basis and thus to get commensural 
point of investment costs we introduce the conc 
Factor, which reveals how much installed. cipa 
consumer's peak demand correspords with the 
power plant to be established. 
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As long as the decisive majority of poer [plar 
consists of power plants of similar types соу. con ensating power plants 
ın өш couatry, the introduction of the new co ‘ception 
es could be determined 


city has net been inevitable since practical figy 


which revealed how much peak demand imerepkelN,, is 


system by the introduction of à certain conde ating | 


installed Generating capacity. According to tha 


Ne 


no 
where r is the overall reserve factor determine 
and eis the factor of self consumption. 
| 

In the course of the extension of a pank 


soon evident that the estimated. reserve factor 


basis lor planning the power plant systern and : 


cf the reserve requirement of the power plant 
examination. An examination relatim to reser 
importance tf power plants of the sustem аге б 
other hana this case is more and more frequen 
with up to date power economy an FEQ 
is set up and the number and generating chp 
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power plants i on the «increase too ba addition special peak powe: 
for supplying peaks may be set up toa as for instance the pu 
storage plants, or thermal peak power plants ete. 

In this case we must determine the resene requirements of hot: 
power plants, as well as the further reason of the difference beta cen 
the generating capacity actually at the disposal af the network and the 
installed generating capacity furthermore the amount ofthe difference 
So we must establish the valuable capacity of both ipower plante le 
the course of our comparison. from the Eee pane af маралны. we man 
only consider the power plants of sumiar спао сараси ах egal. 

Forthe th we shall repor on a wed! defined method with the help 
of which the generating capacity of power plants or of à power plant 
system respectively, van be established. for the sate electric supple to 
а consumption system wath a given peak-load demand, With the came 
method we can establish the increment-peak demand admissible after the 
enlargement of the existing system wath a new poweri plant, and s hich 
we call valuable capacity of the new power plant. | 


It must be noted that the valuable capacit 1.e the admissible peat 


demand increase resulting from the introduction of the mew power pheant 
ч | f І 

depends, apart prom the (charactetistis of the power plants the 

power plant system Operating muth the nem power plant. 

4-1 Definition o] the conception of valuable capacity and equicatent 


generating сара иц 


Ir order to fis the relations let us prinanly examine the valuable 
capacity u: the case of enlarging fhe system with a nent anm ensaning 
power plant of Noua generating сара из. : 

The operating reserve to be Кер{ in the system for the wake of the 
unexpected: shortages in the generating capacity of power plant. and 
the unexpected demand increase of consumers increases because, as à 
result of the new machines breakdowns in the system 
We mark the increase of operating reserve with JJ} pode 

The capacity-timé area occupied for mantenance in the systern in- 
CEEASCS in sl мамат manner; the ШИША ИГҮ TA a Surplus 15 Nu é E 

The generating capacity valuable from the standpoint of the net- 
work №. оа with regard to the extent of the sell-consumpton N. . 4 
of the power plant 18. | 


N. N. 


аге more frequent. 


— AN A) „ — N MAS 


With non-condensating steam power plants aid hydro plants the 
factors diminishing the valuable capacity against installed capacity are 
generally different from those with condensanung power plants The 
maintenance reserve requirement Nu develops differently. so does 
the self consumption of the new power plant Nepl and the development 
of the oparting reserve requirement of the system X Naa will be partie 
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much generating capacity onto the co- 
required for complying with the high- 
tion, for taking scheduled maintenance 


into account, every unexpected. Capacity shortage would appear in the 
form of a power restriction, provided the shortage occured in the peak 
hour of daily load. This restriction means a financial loss for consumers 


resulting from the shortage in pe 
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dually slower. An increase of re 
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abale an the case oi à greater so 
normal iditribution may cause олу a negbable deviation 345. Work 
res ard to the fact that the eppheation of a normal dictributios IS aco 
parably easler from the technical stand-point, we propose the applications 
of the method of normal distuboron in the case o 
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H the utespected shortage i greater tha 
yenerating chpacity at our disposal and the 
tricuon follows. The time of the tesfrictian 
nod and the extent of it as determined hy 
diagram. | 

Generally the course of the load di gram s peak does not differ 
essentially in the various seasons of the vear and therefore in order to 
smphfy calculations we mav reckon «ith an average peak course curve 
b. figure 2. 1 

Consequently the Calculation o! 
Hante 2. 

Let us presume operating reserve value No and схапипе the extent 
of consumer restriction из connection wath this reserve. For this end we 
draw the duration diagram of peak Joad — turned upside daun — ina 


athe difterence between the 
existing load. consumers! res 
tat Brest the peak-load. pe- 
the form of peak loud ие 


Consumer restrictions i S, m 
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way that the peak of the diagram should be on hine + fied by resene 

Noa curve $. Forthwith lef us choose a ume-band At hours? veu: 

belonging to à point P oí the shortage duration diagram. Let us presume 

that within this time-band the amount of shortage is à permanent value 
| No, = Ne in which N 


we means the shortage and No the reserve. 

Should this loss last throughout a day : 24 hours we «hall at one occa. 

i sion cut the load peak in compliance with value X.. No. The striped 

à area on the figure shows the lost power E. . Û restrictor: 

М.-М. do es not last for a dav but for à: hours the extent of 
restrictions is 


oe о MAUR vear 


Applying the same method on û at hand chosen anvwhere elec; ind 
summing up restrictions belonging to every band. we shall get. in case 
of the supposed М reserves the value of restrictions to be expected per 
year, Performing the same calculation referrina to different No reserves 
we shall get the value restrictions in the function of reserve. 

If we know the average loss caused to consumers hv I kWh m- 
terruption we may with а simple calculation obtain the annual financial 
value caused by consumer restriction in the function of the operating 
reserve. curve KN. figure 3. K is the dilferential quotient curve 

The yearly loss resulting fram restrictions mav obviously be reduced 
by increasing reserves in the system, The annual cost caused hy the ims- 
ES talling of reserves may be calculated easly from the fixed costs of the 

investment, and from the change m the current cost of the cooperating 
power plant system due to the installed reserve chapter 3. Its value is 
indicated by hine à on figure 3. a s the differential quotient 
The amount of the economical operating reserve тау be found where 
the loss caused by consumers restriction curve A, figure 3 and the cost 
| of the installed reserve curves gives а mmamum. thus when the diffe- 
rential quotients of the two curves are equal, but of different signs. 
Nos figure 3. 

In the course of the examination we have; so far, considered the pre- 
estimated value of network load not as à probable, but as an actual value 
ТЕ we take into account, in compliance with facts; alse the uncertainty 
of pre-estimates the value of Ne wall increase, 


3-2.C. Determination of the additonal operating reserve, 


In the course of the above statements we have succeeded in plotting 
the duration curve ‘curve à, figure 2 of the generating capacity short- 
ages of the system; at present we seek the duration curve of shortages 
concerning the power plant system supplemented by the new power 
plant. Ifthe shortages of the new power plant are of normal distribution 
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| 
the surplus of shortage may be calculated equally mathematically, thus 
directly. In the majority of cases. however. the shortages of the new 
power plant cannot be calculated on the basis of a normal distribution. as 
the number of its machine units is small In this case the unespected sHort- 
age resulting from machine breakdowns in the new power plant mat be 
calculated on the basis of Bernoulli's probability. distribution. | 
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AS an esample we antrediiuce а new condensating power plant, cbn- 
sisting of two boilers and two machines into the system. Calculated [ón 
the basis of Bernoulli's probability distribution the shortage duration ain- 
gramm of the new power plant is shown on figure 4. One con see that 
the probable, simaltaneous breakdowns of bath machines of a condensat- 
ing power plant consisting of two units is 10 hours per year. the breák- 


qv 


down of one madhine will amount to 562 hours per y 


out of operation. 


existing power plant system worked out previously. 


existing power plant system to coincide, any break 
existing power plant system may occur in the course 


Units broken down or 
folling capacity, Nour MW 


Fig. 4 


Lf an se | 


(the scale of the sketch is not right) 


age curve contain..ig 8760 hours ¿curve a. figure 5./ 
system in Proportion 8188/8760 hours “curve 1. figur 


1 a year of the new power plant and sum up the sh 


iple. /curve 3, figdre 6./. 


As revealed on figure б. the length of time belong: 
of N generating capacity 


dedu 


i 


| 
J 
1 
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ear and in the re- 


¡maining tim: of the year, thus during 8188 hours. по ‘machine will be 


Curve a of figure 5. shows the shortage duratión diagram of the 


As there is equal 


probability any time for breakdowns of the new power plant and the 


own value of the 
of the 8188 hours 


without breakdowns of the new power plant which we can. when plott- 


ing. the resultant shortage curve take into account by shrinking the short- 


ofl the power plant 
e 6./. On the basis 


{ the same principle we shrink the curve a of figure |5. in proportion 
228160 concernitg the loss caused by one machine during 562 hours 
[ 


ortages with those 


pf the new power plant referred to one machine /curve 3. figure 6./. We 

lot the shortage caused by two machines of the new power plant with 

hose of the pu power plant system on the basis af a similar prin- 
r 


ng to any shortage 
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t = tı + ts + t; hour/year 
t = ta 6155/8760 
ts == Un . 562/8760 


ta == t's . 10/8760 


the periods t'i, tz. t's) may be read on the shortage duration diagram 
/curve a of figure 5./ of the existing system. The difference between 
the resultant new shortage duration curve and the duration curve of the 


existing system is 


At = t t' hours “year 


By determining the amount at for every shortage Мын we obtain the 
new, resultant duration curve /curve b. figure 5., 

Our task is now to make a calculation concerning the power supply 
restrictions belonging to the additional shortage periods and concerning 
consumer losses respectiv ely. Essentially the calculation may be done in 
the manner shown figure 2, with the difference that, instead of the short- 
age duration diagram of the system, we make a use of the duration curve 
of the additional shortages caused by the new power plant /at = f/yN. u. 


This is how we can calculate in the case of different Ni operating 


Mou, MW 


r. te з t hours, year 


(the scole of the sketch is not right) 
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reserve the loss surplus of consumers due to the additional shortage and 
from this the value of the economical operating reserve surplus. 


4-3. The valuable capacity of а new condensatiny power plant. 


The valuable capacity of a new condensating power plant may be 


established on the basis of the above statements. 


The detailed elaboration of all these calculations for the case of the 
enlargement of a power plant system of our country with a condensating 
power plant consisting of 4 ^^ 50 MW turbine generators. has given the 


following results: 


eut ^". 


tthe scale ef the shetth n nat nghi 


Ni cont 
The installed capacity of the new power plant № 
Additional maintenance reserve Not 
Additional operating reserve 
Average generating capacity decrease due to 
the change in the temperature of cooling . 
water Notre 
Self consumption Net 
valuable capacity Nowa 


thus 75,8% of the installed generating capacity. 


200 MW: 

124 7 

129 * 
1.0 

17.1 

1516 MW 
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capacity according to seasons. 
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Additional operating reserve due to a new power plant of non-con- 
densatingi type. must iot only be kept on account of breakdowns of the 


new power plant. bui also owing to other teasons. T 
1 : à 
of a run-of-stream plant in the case of which the ca 


is is characteristic 
acity of the hydro 


plant varies depending on the run of water. The situation is Similar in 


connection with heating power plants where the ca 


pacity depends сп 


the momentary heat demand determined hy the out-of-door temperature. 


le UNE e 
Knowing the statistical data relating to the run 
out-of-door temperature for a longer period of time 


of water or to the 
we may establish 


lo R x 
the effedt of these weather factors on the generating capacity of the 


power plant, or. we may also state, the probable valu 


capacity decrease of power plants resulting from che 


weather or other external causes. The shortage durat 


of the generating 
run of water. the 
on curve of a new 


power plant under examination, obtained in.this manner, may essentially 
be handled in a similar way as the duration curve of breakdowns for 
instance ‘figure 2." and similarly to the case of breakdowns we shal! 


obtain ayother operating reserve requirement which, ; 


installed generating capacity of the new power plant 
the valuable capacity of the new power plant. 


15 compared to the 
will furthes reduce 


The extension of the idea and calculation concerning the valuable 
capacity fis extremely useful. as it offers an opportunity to valuate the 


generating capacity of hydro plants. the capacity at 
mely whereby so far only estimates were possible 
dictory and considerably fluctuating opinions have 
same manner we have ал opportunity to valuate the ¢ 
of heating power plants as a result of which we obt 


which varies extre- 
and thus contra- 
developed .. In the 
encrating capacity 
pin important help 


for the etonomical election of their type. 


ALA The valuable capacity of new cun-of-stteam power plant, 


Hitherto the discharge of the turbines of à run-of-stream plant 
was chosen sparily, that means the power plant was erected for a high 
utilisation | referred to the discharge. This tendency! cannot. however, 
be considered correct from the view - point of power economy, as in con- 
sequence of it, during a considerable part of the year, à more or less 
large quantity of water flow will be unused. According to the new trend 
the discharge is more and more determined in the direction of lower 
durations As result of this general. and from the stand-point of coal 
economy | very correct. development the run-of-stream plants stand, in 
à considerable part of the year with a smaller, often a perceptibly smaller 
generating capacity at the disposal of the network than their installed 
generating capacity, We reveal calculations concerning the valuation 
of the generating capacity of a planned run-of-stream plant of our 
country, Without a reservoir. i.e, without a. possibility of daily regu- 
| 


| 
| 
| 
| 
+ 
| 
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2 | 
lations. Our first task is to establish what generating capacity variation 
we' may expect from the run-of-stream plant. 


Н The generating capacity values, resulting from different water- 
i flows and in connection with different grades of development of the 
run-of-stream plant. are shown on figure 7 and determined by the weil- 
known calculations methods. It becomes apparent that the limits of va- 
riation in generating capacity increase with rhe increase of the extent 
of development of the plant. We may first estimate the development 
; of the examined run-of-stream plant on 2500 ma, хес water flow which 
| corresponds with 38,5%; duration. On this basis figure 7. reveals now 
the generating capacity of the plant in connection with every water Flow. 
We may with the help of statistical data referring to the water 
; flow of many years determine how much the generating capacitv of the 
run-of-stream plant, built according to the assumed basic data, would 
have varied in the function of time. Comparing the generating capacitv- 
time curve of different years it was ascertainable, that the generating 
capacity of the run-of-stream plant varies unsystematically and espe- 
cially floods may cause great and suddon generating capacity shortages. 
The average generating capacity duration diagram may be plotted on 
the basis of data relating to the generating capacity-time diagrams fi- 
qure 8./. | 
If the runzof, or the generating capacity forecast connected with 
it respectively could be carried out for an adequately long period of 
time, the maintenance time of thermal power plants could be disposed 
of in a way tolensure that in times, when the generating capacity of 
the run-of-stre: u plant is missed, proportionately less steam power plant 
should be undez maintenance. and thus the varying generating capacity 
could be utilised by the system with an average value as a provided 
generating capacity “point 421. It must be noted that this possibility 
exists only as long as the joint generating capacity of the run-of-stream 
plants is small as compared to the power plant system, the decisive ma- 
jority of which consists of condensating power plants, Detailed exanu- 
nations have, however, revealed that in given cases variations in the 
water flow ‘cannot be estimated for more than 3-4 days in advance 
which is too short a time as to be adapted to the maintenance schedule 
of steam power plants. Let us therefore carry out examinations primarily 
on the basis of the supposition that the generating capacity of the run- 
of-stream plant сап by no means be indicated in advance а fact which 
slightly reduces | the valuability and so the expected real value will be 
greater, | 


1 
The plotted generating capacity. duration curve figure S.. may 
also be considered ах the curve of unexpected capacity shortages. 
occuring in comparison to the installed generating capacity of the run- 
of-stream plant. the time of the outages of which is equally probable 
at any time of the examined period. Reserves must be kept for elimi- 
nating to an economic extent the unexpected generating capacity short- 

| 
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ages of the run-of-stream plant, in other words the generatingitapacity 
ЧЫ : 
must be devaluated. Even so far as a reserve. the economical Operating 


reserve existed in the cooperating power plant system to ге der |break- 


: downs ineffective to an economical extent. We would, obviously, | Falsify 
the run-of-stream plant's valuation, were we to use the Ба reserve 

for rendering ineffective the shortages of the run-of-stream р! t system. 

It may occur, on the other hand that, despite this the opera g| reserve 
: of the power system is for the rime being unused, and mà erefore 
be used for invalidating the generating capacity shortage 77} to the 

water flow — of the run-of-stream plant. without affecting thejsecurity 


! of the steam power plants. The reserve kept for the fuprOf-stream 
: power plant may, in the same manner, from time to time, Icom | to the 
І help of the steam power plants. We are finally seeking th perating 
| reserve which invalitades to an economic extent the genera tings capacity 
shortages — due to the water flow — of the run-of-streamiplant and 
which docs not affect the reserve conditions of the existing system. This 
may be attained by making a calculation concerning a economical 


operating reserve of the power plant system supplemente Буре run- 
of-stream plant with the help of the above. well defined njet 90 
j Е 
Е 1 
[FERE ы DURATION CURVES OF RIVER FLOW HEAD AND HYORAULIC CAPACITY WALUES i 
sx é 
12 i و‎ 
E 
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Our first task 
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is to examine the coinciding probability of shortages 


that occur in the Stream poser plants and in the new run-of-stream 


plant, i.e. 


to combine the plotting of the shortage duration curves of 
the steam power plant system and the run-of-stream plant. 


While 


plotting we must take into account that, according to our supposition, 


i 
no time has been й 


the power plént sv. 


happen in both cases in any time. 


performed by dividi 
bands and by; deter 
manent: shortages di 
according to their i 
curves of the steam | 
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idicated as to the occurrence of shortages neither in 


CAPACITY OUTACL рабады 


э Е ns 1 3 
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i 
‚ 
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E 
CAPACITY DURATION a IL 
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stem nor in the run-cf-stream plant as they may 
Consequently the plotting must be 
ing both shortage duration curves ta equal time- 
mining all possible combinations — supposing per- 
pring these time-bands. furthermore arranging these 
mount we shall obtain the joint shortage duration 
power plants and the run-o}-stream plant figure 9. 
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| ;; We shall than, as done by establishing the operating reserve of the 
; cooperating steam power plant system, determine the consumer restric- 
tion, as depicted by the graph shown on figure 2. the people's economy 
¡ loss occuring as a consequence of the restriction and the differential 
curve of the loss curve. With the graph shown on figure 3, we shall 
herefrom obtain the operating reserve Nb, ol the system supple- 
; mented with the run-of-stream plant. In the knowledge of the econo- 


2 1 : f ; ; 
, mical operating reserve in the system before the introduction of the 


i run-of-stream plant: “Nooo. the additional operating reserve is 


| 
I AN QS Nela em Niue MW 
Do This is the economical operating reserve which must he kept as a 
Surplus in the system after the introduction of the run-of-stream plant 
P y р 


if we valuated the capacity of ¡the run-of-stream plant with ats installed 
‘generating capacity.. We may also express our result by stating that the 
generating capacity of the runtof-stream plant to he provided economi- 
ically, is smaller than its installed capacity with regard to the run-of 


iby. the economical operating reserve surplus. 


i Now we can make a calculation concerning the valuable capacity 
of the run-of-stream: plant: 


М Nie a Nun .— Ne, MW 


In principle the maintenance reserve Nu, would be calculated 
án а similar manner as in the case of a condensating power plant. fts 
value is. however, zero as the maintenance of a run-of-stream plant 
may be carried out during the season of low waters. It must be noted 
that by this conception we deviate slightly. althogh correctly. from the. 
as compared to reality, too severe supposition that we are quite unable 
to estimate the run-of in advance, 


| 
Wie have. in the course of the above dealt in details with the ope- 
rating reserve demand XN. ., "| for the eltutination of capacity short- 
ages, due to the run-of to an economic extent. Operating reserves are, 
however, also needed! in excess of this — as well as in the case of con- 
densating steam power plants — for the economical elemination of short- 
ages due to machine breakdowns and to unexpected consumption in- 
greases. П is not entirely correct to count and sum up separately the 
operating reserve surplus needed for two reasons. Instead we should 


make a joint calculus. The fault committed is, however. unimportant. 

In the course ol: previous. calculations relating to the valuable ca- 
pacity of the run-of-stream plant and the operating reserve to. be kept 
duejto run-of respectively, we have supposed that the possibility of ge- 
nerating capacity shortages occhring in consequence of the run-of. is 
independent from seasons and [cannot bo estimated in advance. We 
shall obtain a result approaching truth even better if we take into con- 
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sideration that the generating capacity variation of the run-of-stream 

plant, although it cannot be estimated for а lengthy period of time in 
: i | ARTE 

advance, is however, of different nature in different seasons. 


We have therefore, despite the impossibility of estimating the run- 
of exactly in advance. а certain knowledge concerning the probable 
values of the run-of, The utilisation of these data reduces the operating | 
reserve required, owing to variation in the run-of. and respectively, 41 
increases the valuable capacity of the run-of-stream plant. When 4i 
making calculations concerning the operating reserve demands we can ii 
take into account data relating to the probabilitiy of the run-af. by 
plotting from the generating capacity-time-diagram, a generating ca- 


a : 1 ES С! 
pacity duration diagram divided into seasons or months and carry ош 


NO." i ! 
É i | 


COMMON OUTAGE DULATIDA DIAGRAM OF a THiRMAL POWIR PLANT STE AND THE HYDRO. AT 


NE 


v9 mm pom A а ААА ] 


no EE] PEXI 29% dan 


na. „ 


| 


our previously revealed. calculation concerning the. economical operatinq 
reserve surplus separately, relating to these seasons or months. By this 
we shall obtain different reserve surpluses concerning the run-of-stream 
plant for seasons or months and thus we get the capacity to be provided 
economically. The value of yearly iresultant generating capacity, to be 
provided economically, is gained with the help of taking the mean value 
of the basis of the same conception which we have followed inconnection 
with the valuation of the capacity varying according to schedule ‘point 
421,4. We shall obviously reach an equal result if we establish the 
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| 
mean value of generating capacity values to be provided per scasons. 
per months, or by determining the mean value of the economical ope- 
rating reserve surplus. | 

The effect of the run-of-stream plant's self-consumption Ne on 
the decrease of the valuable capacity may. in principle, be calculated in 
a similar manner as in the case 'of a condensating heat power plant 
¿point 43./ The numerical value is naturally influenced fundamentally 
by the fact that while in| the case of an up-to-date condensating power 
plant self-consumption is at full load about 8-977, the same does not 
even attain 1.5% in the case of a run-of-stream plant. 

In the course of the detailed elaboration of all these calculations 
performed in connection) with the planning of the run-of-stream plant 
referred to of ‘our country obtained the following results: 

The installed genersting capacity of the run-of- 
stream plant N...... enn 112 MW 


Operating reserve required owing to the variation 
of run-of in yearly averugge ... - 25,7 MW 
| 
| 
. | . А 
Yearly average operating reserve required due to 
breakdowns and unforeseen increase of con- 


sumption ..... CCC 3.2 
! 
Self-consumption New CC 1.3 
Valuable capacity N, E КЕЛСЕ qug tg $1.8 MW 


thus 73 of the installed generating capacity. The equality. factor 
correlated with the condensating power plant: 

| 

1 

| 73 

J.. TR 0,063 
75.8 
Thus we obtain the astonishing result. that the examined run-of- 

stream plant is nractically of the same value as a new condensatiog heat 
power plant. | 


| 

448. The valuable capacity of a heat supplying power plant. 

The valuable space of any type of power plant — industrial heat 
supplying power plant. heating power plant, storage power plant — mav 
be established in a similar way than the valuable capacity of а con- 
densating power plant and a run-of-stream plant. On account of the 
importance of gained results we also reveal the result of an examination 
carried out in connection with a heating power plant. 
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Fig ш 10 shows the schematic heat balance diagram. of the heating 


power plant. The characteristic feat 


ire of the plant is the fact that the 


boiler capacity just unused for heating is being used for generating 
power With condensation. The boiler capacity of the power plant is 


і determi ed; 
used for heating and the condensati 
get only;the. from the technological v 


of steam. It mußt be noted that a he 


n any, way that in the é 


xtreme! cold weather all steam is 
ng parti of the extraction turbines 
jew-ppint, smallest possible amount 
ating! [power plant equipped with 


extraction i turbines may be established on the: basis of several other heat 


balances| t 


The valuation is. however, Hot affected decisively by the 


heat Б but! by the energetical structure /the type of hack pressure 


or extractor n turbine/. 


i 
The installed generating capacity 


to that ¡of à condensating power pla 
the power plant operates as а pure 
heating stops. As compared to the 
valuable capacity is reduced by self. 
tenance! re: erve (point 421. 
to machine | ibreakdowns point 422. 

serve to be kept on account of the 9 


function of the out-of -door temperat 


ма e 


| 
" 
| 
| 


| 
1 
| 


үү Ree 

of the els power plant equals 
ht of similar boiler capacity, since 
con „ават power plant when 
installed generating capacity the 


consumption” /point 43º by main- 


by operating reserve to be kept owing 


and finally by the operating re- 
enerating [capacity varying in the 


ure poine 44. When heat de- 
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24 | | 
mands are greater, i.e. 
the heating power plant 


an unexpected manner 
| unknown in advance. It 


plànt in connection with 
could not be estimated ir 


Counting all devah 
power plant in the given 


Creat 


The displayed caleu 
economical planning and 


important conclusions: 


however. from 
equal to a ther 
as the run-of-s 


ing to which hy 
and ¿for increas 


b. "lown-heating 
are suited for 
i possess. apart 
i too, are hardly 
| plants of nomit 


of town-heatinç 


sumer districts 
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| when it is colder, the generating capacity of 
is obviously smaller as it can expand less and 


| less steam to condensation, By this the generating capacity varies in 


on account of the out-of-door temperature 
decreases as compared to the installed capacity 


and thus we face a similar effect as in the case of the run-ol-stream 


the effect of the variation of the run-of- which 
1. advance. 


rating effects in connection with the heating 
case we have stated that the valuable capacity 


amounts to 65,1%. of the installed generating capacity and thus its 
: H 1 * x А 
equality factor concerning a; condensating power plant is: 


8 


ae (1,858 


5. Summary 


П 


ilation methods are further facilities for the 


' running of power plant systems. From the 


results of actually performed calculations we may draw jhe following 


a.’ А run-of-stream plant without storage, for instance the eca- 
nomical hydro 


plant to be developed on a Hungarian river. 


despite the fact that its generating capacity is subject io 
substancial fluctuations owing to variation in the run-of- is 


the view-point of valuable capacity nearly 
mal plant having the same installed capacity. 
tream plant. This result supports and streng- 


thens суеп more than before the well-known tendency accord- 


1 x D 2 
'dro plants are developed in increasing number 
ing discharges. 


power plants the heating turbines of which 
producing condensation power too. or which 
from heating turbines condensating turbines 
worth less than some pure cendensating power 
nally. the same size and will therefore play а 


particularly important role concurrently with the development 


| . . 
systems in supplying towns and even con- 
with electric power. 
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The application of calculation methods in connections with different 
power plant systems will presumably raise problems which will lead 
to a further development of the conceptions we have dealt with. 

hus a particularly careful further examination is required by a 
further analysis concerning the consumer loss resulting from the com- 
pulsory interruption of the electric power supply and it must be noted 
that an interruption of supply to consumers in not only an economical 
question but also a social and cultural one. A correct statement con- 
cerning the consumer loss influences the comparable capacity of different 
power plant types to a smaller extent while it influences.the absolute 
value of reserves considerably. А further detailed analysis is also 
- required in connection with a statement concerning the probability of 
the coincidence of the industrial steam supplv and the electric load of 
the network which will lead to the valuation of the capacity of industrial 
power plants, 
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reserve of Hungary consists of brown coat. 38% 


of lignite. Our more recent and older brown coals, ranging from Pontian 


lignite to brown co 


NE 
account for a total af 


[deriving from the oligocene and eocene periods 
88%. of our total coal reserve. The low- -tempe- 


Ба i 
rature distillation of brow n coal as well as its practical use in connection 
г 


with high-temperatu 


In power generation 
the firing of our calé) | lof lower quahty. 
coke. semi-coke and brigetted coke has bec en slow. 


in the production o 


Е means had to be sough 


basic material of the 
ways also. 


quantity of coal bur 
considerable and b: 


industry by the los: |of 


obtainable from it. 
yield of 50 to 60% 
tioned above 
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pect to meet great interest in our country. | 


Ty 
е distillation has a past of 25 years in our country . 
i 


the main purpose in view has generally} been 
As however the development 


t to enable the production of tar, аз an important 
Organic chemical industry, to be ensured in other 
ars the most natural method, is cooperation with 
furnaces. particularly аз the 
on cham and travelling grates in Hungary is quite 
ing of its tar content greatly affects the chemical 
i the cresol, xvlenol and impregnating oil othérwise 
with a 


| men- 


1 


There is à possibility already to recover 
quantity of tar that is buined on stokers 


his quantity of coal have а tir content exceeding 
y its treatment is undoubtedly lucrative. The quan- 
le | from this quantity of fuel is considerable and 
ithble for the recovery of the tar contained in non- 
industrial furnaces equipped wich chain and tra- 


| 

| [made for а long time to find means for carrying 

some wav. of coals possessing a high content of 

tion. and for obtaining the tar so recovered as a 
| 

“Б? | 
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basic material for the chemical industi 
in various ways. Опе way consists in 
the products of which the semi-coke is 
and storage, handed over to the 


1 
HE 
| 


| 


| 


| A Е 
У This purpose тау he achieved 
constructing а distilling plant. of 


$ after suitable cooling, treatment 


total gasification and after recove 
firing purposes. A third method 


stokers . 


Another way is to employ 


ring 
is 


immediately in front of the furnace, 


semi-coke to the grate. The mast 


pe 


ensured by the first-named, the best uti 
method. As to total gasification, it w 
the fact that in order to recover the tar 
have to be cooled down, remain behind 
pared to the efficiency of up-to-date 
back of gas producers consists in that 
only suitable for treating coal consist: 
and containing only a small proportion 
to equip a plant specially for treating 
rational on a very large scala. 

The distillatin g chamber built in 
is à device, which will already take us o 


the coal placed into it in great chickne 


heating gases can only be ensured in tk 
size and devoid of any conteni of. coal 
that in Consequence of partial di«ullatio 
to be cooled for the sake of recoverin 
hand. the coke, or zem -coke will. in in 
immediately to the arate for the purpos 
the heat it carries along with itself will E 


By means of the apparatus to be 
problem has been solved in such a mar 
coal Oto 15 mm to be burnt on up 


through the carbonizing ¡chamber in rel; 


of the hot flue q 


passage 


ases through i 
that 


in those places, where awing to 


resistance to transflow is smaller. resista 


of flow of the gases, thus ensuring that 
parts possessing a higher content af fi 
senting 4 greater resistance to the flows 
of the arrangement consists in that a par 
coal by means of radiation, thereby m 
heat which, Owing to less perfect he 


neat t 
b 


y meians of the scar enging gas flowing 


та of lump 


| he tar. band over the gas for 
te build the: ‘distilling apparatus 
and te transfer the incandescent 
fect recovery of the products is 
БШШ of heat by the last-named 
ll] in the présent case, owing ta 
the whole quantity of gas would 
in thermal efficiency When com- 
travelling-grates. Another draw- 
the majority of equipments are 
si of substantial size, 

bfi coal dust. On the other hand, 
¿Small coal Winkler 

[| 

front Of the grates Pontsch 
ле! step further. because although 
ss and the uniform flow of the 
he! case of coal of uniform grain 
dust, it will nevertheless ensure 
Ha smaller quantity of gas has 
p the tar, whilst, on the other 
1 condition. he passed 
0 


of being burnt and therefore 
e usefully: applied, 


is only 


described in What follows, che 
ner. that the non-caking small 
to-date travelling grates flows 
tively thin layers, 


i 
1 


the uniform 
ds ensured in such à manner, 
п [lower content of fines. the 
псев are inserted into the path 
the flow will pass through. the 
hes also and accordingly. pre- 
Another Characteristic feature 
t lof the heat is imparted to the 
King-up for that quantity of 
ransfer, cannot be transmitted 
through a relatively thin layer 


| 
| 
| 
| 
| 
| 
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of coal. For this purpose, the apparatus is built on the firing chamber | | 
/see figure; in sich a manner that the coal is conveyed towards the j 
grate in a relatively thin layer between the wall equipped with louvres 
forming one boundary wall of the furnace and a similar wall arranged | 
opposite to the former on the outside, during which passage it wil be |; ! 
heated to the temperature of distillation /500"C ^ and finally is burnt i 
on the grate. : 

The direct incandescent flue gases of the furnace can also: be 
utilised for heating the equipment. The fluc gases of the boiler furnace |: 
have a substantial content 7 to 8'«^ of oxygen. accordingly it has been 
found preferable, iri the interests of preserving the products of distilla- 
tion, to protect them against combustion by means of a screen, imme- |: 
diately in front of the distillating chamber. formed by the gas burnt | 
with a nearly theoretical quantity of air. This flame screen. will at the | 
same time, transmit a part of the heat directly to the coal by the radiation |: 
of the gas. By this the quantity of scavenging gas — employed for 
conveying heat — can be decreased and so the dilution of the distillation 1, 
gases will be less. 


The distilling equipment actually constructed. as shown on the j; 
accompanying illustration. was built in front of the chain-grate of old i 
type having a grate surface of 5 m? of a steam boiler of 146,76 mi | 
heating surface. The boiler had а superheater with a surface of 36,00 mi. ; 
Neither pre-heating of feedwater or of air nor forced draft is emploved. | ; 


The data of the test made with the equipment are the following: 


zi Duration of test 7 hours 30 minutes 


Stearn pressure 


aun дайце pressure 1 
Superhbeat temperature Ы 


с; 


Muisture 


Feed water Е T d ; 

Flue » ; E i 

Composition. of flue gases CO. 10,67 ! 

O. 3.47 | | 

co 0.47. 1 | 

Total feedwüater 24.000 kg 1 

Can consumption 6,570 "U/H-20 min“ 3 ! 

b residue. /ashes and clinker, drys 1.020. jn | 

" rviddlinzs. dry 156 : | 

Ultimate analysis of coal: | 

i 

Ash | 

Е Ser, | 
H 4,13% 

O 199% ' р 

N 1.006 : i 

S 4,14% ; i 

Calorifie value, gross 5490 cal. үт va 

"i "o. net 4774 * di 
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Fischer analysis of coal: 


Semi-coke 

Tar 

Moisture + liquor 

Gas -+ loss 

Combustible part in residue 
ч " " ridálings 

Coa! consumption par Hour 

Steam production par hour 

Beiler duty 

Rough evaporation 


Tar 


Heat transmitted to 1 
recovery equipment: 
Temperature entering 
" М 
d leaving 
Pressure entering tar 


kg of stea 


tar recove: 


surface ec 


m 


ry app. 
yoler 


recovery app. 


P 1 
" leaving surface cooler 
E 
" v fan 


Composition of gas: 


Calorific. value of gas 

Weight per unit volume 

Content of vapour of gas «грат off 
чч » returned gas 


| 
Quantity of dry gas per hour 


2 | | 
d gas and water vapour drawn off/li 


Mean specific heat of gas land wal 
drawn off 


| 
er vapour 


Quantity of returned pas and water) vapour/h 


Mean specific heat of returned sas 

Vapour 
Total quantity of anhydrous tar pre 
Quantity of tar per hour 


as percenthgo of 
quantité of tur 
returned with gas 
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end water 


duced 


as od percentage of ronl 


theoretical 


per hour 


62.95% 
10.40% 


19.00% 
7.656; 
18,7 To 
55.2 “k 
875 kg 
3220 "||| 
22 kg/m 
3.68% 
740 cal; 


1920 | 
118"C 
57 
-25 mm 
-80 
i35 


10,2 
0,40 
4,2% 
45%! 
2.34 
3.00 
1,0% 


13.3 


ee 
re! 
Ке 


146 cult 
1.293 kg/ | E 
0342 * 
0,167 "| 
9400 
1335 


0,3418 
1133 | 
0.3346 
450 ka 
610 * 
61. 90 


66% 
DA ku 


| | li 
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| 
E 5 
Con] dust drawn off with gas per hour 5,3 kg 
Water vapour condensed 164,0 " 
1 
Heat balance of equipment: 
Hea transmitted to steam 2720 cil. 57,0% 
| Call value of tar 620 " 13.0% 
| Heatilost in cooling equipment 110 * 2,3% 
Stack loss 740 15.5 
Unbümt flue gas so " 19% 
| parts in residuc 230. " 4,8% 
| s3 * riddlings 90 " 1,9% 
d " coal- dust drawn off " 
: with cases 30 * 0,6 Te 
rs Other] losses 144 * 3,0% 
zac] ^ 
mE == pu 
Calor fie value of coal, net 4774 cal/ kx 100.0 
| 2120 
| Boller efficiency. —————-— аз 657% 


HE 4774-620 


The expression figuring in the denominator is the calorific value 
of the coal less the calorific value of the tar extracted. 

lA boiler and grate of exactly similar design, but without distilling 
equipme ht worked with the same efficiency whilst producing 2300 kg 
of steam per hour. If the tar cooler is used for pre-heating the air of 
combustion, the efficiency can be improved still further. 


Thé equipment described has also proved suitable for burning by 


its ащ Combustible slates possessing high content of ash, which was 
not possible to burn in boilers not fitted with such an equipment because 
within two hours the fire went out on the grate. With the equipment 
descri ed it was possible to obtain with this kind of coal a boiler duty 
of 2100| kg of steam per hour, which approximates the duty obtained 


y 


on the ‘boiler not fitted with the equipment when burning coal of good 


quality T having a calorific value of 5000 cal, kg. 


| t ۰ 3 
| Injour coals possessing a high content of sulphur, a substantial pact 


of the sulphur can be recovered from the gases. a fact which is not 
negli ible from the point of view of preserving the un-impaired condition 
gligib р р g р 


of the 
| 


| 


Бойег body. and the purity of the ambient air. 
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Ag. 1 

The coal is conveyed from the hopper "C" towards the travelling-grate "D" between 
the refractory wall "A" fitted with louvres and ine wall "S" equipped with adjustable 
members. For heating the distilling chamber, it is also possible to employ the hot com- 
bustion gases of the combustion chamber YEV, but in order to protect the products of dia. 
tillation, it is preferabie to make use for this purpose of the heat of the flame curtain HS 
formed ру the gas the combustion of wich, with a scarcity of air, le effected by means of 
the burner G" in the space closed-off by the Wall“ . The duct 'l'' serves for the admis- 
sion of the air required for the combustion of the gas. The volatile products of distillation 
mixed with the heating gases are removed through the funnel “K* into the tar recovery 
apparatus. The solid product burnt on the grate is used for heating the boiler body . 
The water-cooled gate ''M'' servez for adjusting the thickness of fire. The system of tubes 
“Nº! connected into the boiler circulation serve for supporting the refractory wall “A”. 
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Summary | 


The author describes one of the constructional forms of an equip-| 


ment suitable for realising) | mutual cooperation between power genc- 
ration and the chemical industry. This iequipmeàt makes possible the 
distillation of coals of high tar content, | immediately before burning 
them. The equipment is also. suitable forithe efficient combustion of 
fuels with high moisture or ash content. which otherwise would take fire 


on travelling grates with great difficulty only. or not at all. 


СЕ À 
Résumé | | 


| 
| 

1 E 
L'auteur décrit l'une des formes constructionnelles d'un équipement 
capable de réaliser une coopération mutuellejentre.la génération d'énergie 
et l'industrie chimique. Cet | équipement. rend possible la distillation de 
charbons de haute teneur an goudron, immédiatement avant leur com- 
bustion. II convient également pour la bonne cambustion de combus: 
tibles d'une haute teneur en humidite et en -endre qui, autrement, ne 


prendraient feu sur des grilles mobiles aut: ‘avec igrande difficulté ou ne 


prendraient méme pas feu. "E 


| i 
Resumo jt | 


| | 
О autor descreve аз formas relativas | älconstruçio de um equipa- 
mente apropriado para realizar uma cooperação, mútua entre a 1 


de energia e a industria qui nica. Tal equipamento torna possivel a des- 


tilação de carvão de alto |conteñdo de: aleatrao. imediatamente antes 


da sua combustão. O equ pame nto é. tambêm, “apropriado à eficiente 
combustão de combustiveis| com alta huntidad-, ou conteúdo de cinza. 


que de outro modo se incendiariam com aificuldade sóbre grelhas móveis, 


ou mesmo não pegariam fogo de modo algum. 
‘ign 
a 


1 
| 
! 


Tr i 
‘|: 

i 
"iu. 
il " 
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INTRODUCTION 


The great advantages of concrete pipes. in general 
are, as is well known, the et durability 
lower costs of maintenar 

Hydraulically both k. pipes have about the same smoothness 
ol surface so that [or both U low ol 7 to Есіс. will he 
practecally the same. 


M regards the costs of astruction, these depend to a great extent 
on local conditions and a ae “tie between the cost. of material ana 
the cost of transport. 


+ over steel pipes 
and in particular the mach 


In Indonesia the situation is such that for heads up to about 70 
meters (230 Tt) concrete pipes, according to the asie methods, can be 
constructed at lower costs than steel pipes, though tor both kinds of pipes 
the amounts of steel needed. expressed in tons, are about the same. 

This ix became the сом of one ton of welded steel pipes mounted 
into its place is about three times the corresponding cost of reinforce. 
ment steel. This again is caused by circumstances which affect the cost 
of steel pipes unfavourably, namely the much higher cost of transporti 
tion of steel pipes reckoned Irom the lactory tr the site, and. further 
the higher cmt ot manipulation and erection. 

It is a fact that for the construction of allsteel pipes we need ope: 
taton with better skill than for the construction of concrete pipes. 


| 


Approved For 


For countries like indonesia 
countries this fact às of great signi 
that the lack of good supply-road 
handicap lor steel pipes and, in 
fabricated pipe sections which ат 


all-steel pipes high thee is in Ind 


ing materials like gravel, sand ane 
deal of the erection. costs remain 
saving in foreign bills. 
“Vheretore the construction € 
imported from abroad, is here ou 
the transport over sea of such s} 
Necessary expenditure ol foreign 


the construction ol. reinlorced con 
tive, and indeed it is becoming n 
the bounds of what is technically 

Finally it should be noted thi 
prevailing in Indonesia it is lount 
lor castin-place reinforced. conc? 


Against all the above advant 
“is the great disadvantage, that rei 
ing to the classical methods, are 
j Indonesia only up to а maximum 
i beyond the usual practice in Апи 
' allowable head is not more than 


| 
i 
f 
! 


ON THE EXISTING SY 


i With. the development of rei 
during the last 30 years, in Euro] 
Га trend towards the production 

i besides the cast iron or steel pipe 
iri water. 


economical considerations; only de 
af view of corrosion. the applic 
more prelerable over steel, in pa 
for drinking water pipes. 


lot of space during transportation. 
Besides all the above lactors which make the cost of construction. of 


Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


and other technically less. developed 
ficance. Not less important is the fact, 
K to remote or isolated. sites is а great 
general, for pipes consisting of. pr 
e not onls heavy but abo demand 


onesia with her unfavourable economic 


condition still another fact, viz. aai concrete pipes use more local build- 


timber for centering, by which a great 
in the couniry, which again meins a 


Г conduits consisting of pipe sections 
tol consideration, the more so because 
acedevouring articles means only un- 
jills. 


From the Joregoing it is obyious that lor a country as Indonesia 


crete pipes tor penstocks is very attrac- 
iore and more practice: that is, within 
allowable. 

tunder the relations and circumstances 
1 in practice that the construction. time 
te pipes ds usually shorter than, and 


certainly not longer than the corresponding time tor ail-steel pipes. 


wes of reinforced concrete pipes there 
Morced. concrete conduits, built accord- 
only applicable to limited heads (for 
of 70m (230 try which itself is already 
trict and Europe, where the maximum 
50m (lot ft). 


MS FOR REINFORCED 


© 


ү ; CONCRETE PIPES 


E А. GENERAL REMARKS 


Morced. concrete engineering, especially 
De its well as in America, we have seen 
И pipes of reinforced. concrete, which 
can be used tor transport conduit for 


+ In the beginning thi has been urged prinarilv by financial and 


ter on it came out that from the point 
ten ol reinforced. concrete is greatly 
сии for underground. sewerage and 
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b E 1‏ ا 
In reinforced. pipes in general we encounter the difficulty, that the‏ 


concrete has only à very limited capabili 
1 


When a pipe is under an internal pressure, e.g 


: XM 2 

y of taking ‘up tensile stresses. 
‚ 

+ Water pressure, the 


pipe walls undergo, as we know, tangential tensile stresses. 


; Hence from the point OÍ view of stat 
material for pipes, and it is not ration: 
statics) to use concrete or even reinforce 
going fluid pressure. H lis indeed à remar 
a material is used for purposes for which 

As às well known, in the calculations 
tures we start in general from the assump 


cs steel is the most appropriate 
1 (again speaking in terms of 
l concrete | for conduits under- 
able irony of engineering that 
tds Pronounced inappropriate. 


Тог reinforced concrete struc- 
tion that concrete is incapable 


" А : i ч Ea В 

of taking up tensile stresses. We therefore assume that in the tension zone 
only the steel reinforcement and in the compression zone only the con- 
crete, strengthened or not by the reinforcement present, which take up 


the stresses which occur in those regions 
> 1 H | H H R 
just what we don't find in reinforced ce 


17171 Le i 
This allocation of stresses is 
nerete pipes, in particular in 


penstocks, where due to the internal pressure there occur in the pipe- 


1. А 
walls mainly tensile stresses. 
" 


This in my opinion is the reason why 
with or without pre-suressing of the conc 
in many ways it has superior quelities ov 
that classical material iu the application 
100 m (328 ft). i 
: | 


uptil now; reinforced. concrete 
rete, in spite of the fact that 
er steel, cannot compete with 
o penstocks for heads beyond 


Bo “THE NORMAL ТҮРЕ REINFORCED CONCRETE PIPES 


As stated before the internal Пин] pr 
i 


" . I 
inforcement. : 


linder wall which consists of concrete provided with! 


i E | ; 
The calculation ol the tangential ter 
makes use of the fundamental огои lor 


vis, the fundamental hoop-tension formula, 


Hereby we proceed in two steps. 
NOE | 
In the first step we consider the circus 
up by the concrete together with the circu 


increased: with animes the crosssectional 
In Continental practice n is usually taken 


жы! E Ж А В 
Vhe tensile stress obtained in this way 
strenpth of concrete proper, 
1 


In central European countries they ре 


essure is (ken up by the cy- 
; circumterential re- 


silé stress 
pipes wit 


n cylinder walls 
internal pressure, 


| 
| 


ferential presses to be taken 
nlcrential reinforcement, and 
treating the whole as if it were all concrete, For this purpose the cross- 
sectional area to be taken into account is the area ol the concrete proper 


| R 
area ol steel reinforcement. 
to be 15. 


must be less than the tensile 


erally take for this design a 


safety factor of 2, that means that the calculated. tensile. stress may be 


| 
| 
| 
1 
| 


Approved For Release 2005/06/07 : CIA-RDP80-00809A000500640295-2 


Approved For Release 2005/06/07 | CIA-RDP80-00809A000500640295-2 


| 
at most one half of the tensile strength of concrete after 28 days’ ageing 
. (generally they take an allow: ible tensile stress of about TO kg/cm? (137 
| 1bs/in?). i ` 
| In France and probably abo in siglo-Vinerican countries generally 
| they permit a greater allowable stress somewhere near the breaking ten- | 
sile strength (about 20 kg/cm! = 274)lbs/in!). | 
‘The second step of calculation determines the amount of steel neces- 
| sary for the reinforcement. 
; This quantity is calculated under the asstunption that the circumfe- 
i rential reinforcement alone (in case the concrete might be cracked due 
to internal pressure) is able without any help from the concrete to with- i 
stand. the whole internal pressure. This boils down to the fact, that 
the amount of steel in the reinforcentent is equal to the quantity of | 


steel which would be required lor an all- steel pipe 

In some American handbooks certain. empirical lormula's are applied 
lor finding the required thickness of reinfor ced concrete pipes. 

The wall thickness in inches must, for instance, be equali to the 
diameter in feet, with a de finite minimum thickness, 


Аз а good mixture for concrete is 


prescribed : 2: or richer 


The above mentioned concrete pipes are cayt-in-place and are prefer. 
ably provided with contraction: joints at distances ol about 40 mc (130 Fo). 


Such joints generally tend. to tighten v 
sediment in the water, 


inder Ine owing to the action of 


As a matter of fact several concrete. penstocks have been built with 


no contraction-joints, which have cracke 
under use. 


d mare or les but have tightened 


Besides circumferential reinforcement we also have longitudinal re- 


inforcement (longitudinal bars). These 
temperature and shrinkage stresses, shi 


: | 
the crosssectioninl area of the concrete 


longi udinal bars, co take care of 
эн be fram /, to 1/28 of 


From the foregoing we can draw the following important conclusions 


with regard to normal type reinforced 


4) The concrete cylinder wall ol i 
the water. Hence it must. be 
with the circumlerential reinto 
sure. 


Oner ele Pressure pipes: 


lie pipe forms the wall to convey 
designed to withstand, together 
cement, the internal water pres 


b) The wall thickness which is calculated. with the hoop-tension 


formula tor internal pressure, 
magnitude ol that pressure an 
on dt; that means the greater i 


is therefore determined. by the 
d heme it is directly depending 
he diameter ol the pipe and the 


| 
greater the internal pressure, the greater the tangential circumfe- 


rential stresses, and the thicker 
€) Besides the requirements ol 5 
satisfy the requirements ol wa 

1 


| the cone rete pipe walls iust be. 
евр the pipe walls. have io 
er- Lightness. 
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roughly, that needed for а norm 


stresses for the materials). 

he extra steel for the longit 

crete pipes is counterbalanced by 
allowance in all-steel pipes. 

e) For cast-in-place pipes there are no 


C. PRESIRESSED CONC 


Here, prestressing the concrete has it 
amount of concrete as [аг as possible. ; 
“This pre-stressing is obtained during cq 
compressive stresses. in the pipe walls while 
with a spiral steel reinforcement under 1 
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= 


d) The amount of steel for the circular reinforcement equals, 


al allsteel penstock with the 


same diameter and water-presure (i.e. with the same allowable 


iclinal bars in reinforced. con- 
the extra steel added as rust 


such difficulties as the trans- 


portation of space-wasting prefabricated pipe-sections, 


IRETE PIPES 
he purpose of reducing the 


nsUucion by creating initial 
empty, by winding the pipe 


nsion. 


These 


initial stresses 


ler empty conditions must be of such n 
kg/cm?) that they reduce to from 0 to 


un 

159 

under running-full. conditions. 
It is then clear that in this way the ¢ 
stresses for which it is appropriate. In the 
pipes we have the concrete walls mainly sul 
sive stresses, when empty as well as when a 
Viewed from the standpoint of st 


which is often used in the western part of 


agnitude (Iron) about 100 to 


10 kg / nz (till compressive!) 


oncrete is only subjected to 
case ol prestressed concrete 
jected to tangential compres- 
unning full. 

ities the working of a pre- 


d concrete penstock is exactly the same) as that of a wood-stave pipe, 


the U.S.A. and Canada for 


moderate heads, The wood-staves in the wooden pipes have the same 


rola 


made prestressed concrete pipe therelore ‘¢ 


Jus 


ing 


as concre 


: in the prestrewed concret 


¢ pipe. A modern factory- 
an, viewed from statics, be 


pletely looked upon as а wood-stave р 
as it is the ring formed by the wood st: 
walls tor the water in the wood-stave p 


ipe. wire-wound in factory 
ves which forms the conve 
pe, itis the wire wound con- 


crete pipe wall which forms the conveying: wall in the prestresed con- 


crete pipe. 


two 
also 


the 
tube 


wholly embedded in the concrete walls and: 


tube 
is te 
even 
Кас 
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The consequence of this is that here, to 
be water-tight. : 
In the older types ol prestresed conci 
concrete [or great water-pressures is enst 
in the concrete pipe walls. As the nai 


that performs the function ol conveyii 
ensure water-tightuess tor high pressi 
caleulated to help withstand the interni 
it does help. ) 


b. the concrete has to satisfy 


different requirements, viz it must have great strength and it must 


ete pipes water-tighthess ol 
tred by a thin metal “core 
ne suggests this coretube is 
herclore it is not the metal 
g the water, Jets only task 
pes and it is generally not 
1 water pressure, though in 
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| In the newer types the above mentioned steel coré-tube is com pletely 
| dispensed with. The water tightness is hereby achieved by using [only 


AI 
quiu 


superior quality concrete. Furthermore the concrete pipe wall is pre: 
stressed in cross as well.as in longitudinal direction jwith steel wires of 
high quality. 
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| Аз à further мер to ensure water-cightness it is prescribed. in tlic 
І i design йш at running full condition at maximum head the stress in the 
; concrete wall must be still compressive and of it magnitude of at [least 
8 to 10 Mrs | 


s: | : Н 
i Finally from the foregoing we can also draw the f follawing important 
i| conclusions with respect to prestressed concrete pipes: i 


ATAD 


а) The concrete cylinder wall of the pipe forms the conveying wall 
"m for the water, with the consequences connected with it. 


ar 


ЕН 


| | d b) The wall thickness is, just like in the ordinary reinforced | con: 
| a crete pipes, wholly determined by the magnitude of the iterat 
! 1 

v ¡pressure aml by the diameter of the pipe. 


€) Besides the requirements of strength the wall must furthermore 
satisfy the requirements ol water-tightness. 


d) (Phe amount of steel for the circumferential reinforcement, is 
approximately equal to that necessary for an ordinary allis el 
X pipe of the same diameter and the same internal pressure, 
; 15 il the allowable steel teses are aho the same for both "yl 
of pipes. | 


| с) The presuessing of the concrete wall results. in an important 
reduction in concrete, since with empty as well as with running 
; full conditipns there ocem oniy compressive stresses in the pipe 
|, | . 
e . walls. 


E 5 pur the great saving in the use of steel is due only to the use 

of steel al [very high quality, with a breaking stress ‘uf (1500 
| kg; cn? or тот while the cost ol it is only about ines that, 
"E of the normal steel-37. That means, that with the use of normal 
o pteel-87 no steel saving could be obtained with respect to normal 
; reinforced concrete pipes, neither with respect to the allisteel 


pipes 


pn In conjunction with the use ol high valence sted) we also apply to 
i " | thc pres stressed CUHCTCUC pipes superior quality (oncrete with 4 compres: 
EE strength ol 300) ke fem, by which а Luther reduction in concrete 

is obtained. 


D All the above measures are necessary to keep the weight o£ [actory- 
:: made pipesections as small as possible, such being in connection with 


transport, 


| 

| 

at 
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D. THE NEW TYPE PENSJI 
| | 


Though in appearance not 


ing from the previous two 
types, in statical aspects the pro 


enstock is quite different. 
imply to combine the advant- 
pes. thereby excluding, as far 


The prime objective of the new type iş 
ages of concrete pipes with those lof steel 7 
i as possible their disadvantages. Pop 
E | : In other! words, the new tvpé pipe has to satisfy the following require- 
; : ments which have, in. particular, bearing on! technically less developed 
countries like Indonesia: i 
| Р ; E 
| | lot. the pipe must combine gr eat dürability with minimum main. 
| tenance. | E : 
| 2nd. it must be able to withstand very high internal pressures and 
i furthermore. proof against; positive iis well negative water- 
| hammer. i LE i 
| ШЧ. it must be simple and i 
| 
1 


2 i 


d cheap in construction; this goes also 
for transport of materials, | uf | 
dh. in the construction local building materials have to be utilised 
| i as far as posible, by which Ne greatest possible savings is 
| ellected in foreign bills! tbi. 
' mh. the pipe has further tbi be wit right; and for the transport 
Pp if i ol gus it has to be airtigl | 1 d | ! 
: . | 


As will appear hereafter. the proposed type ol pipe satisfies these 5 
i | requirements, It is readily seen (that! the пога or classic type of rein- 
E . forced pipes does not satisfy the se ond and fi th requirements. The pre- 
| | ; stresed concrete pipe in a country, Indonesia does not satisfy the 
| | ; requirement сах mentioned in subj 5 and às | further more hard to get 
E | water and airtight because of the many junctions between the pipe 
! sections. | |! t 


SEE уң 


X | | Asis well known the fabrics reed concrete pipes demands 
very great. and specialised skill. it is such that a prestressed 

| concrete pipe generally consists vf! preahricáted pipe: sections, 
| As Far as E know the only exddptipn to this i» the prestressed concrete 
i | | penstock which conveys water from the R iver to the Bort-reservoir 
| | (in the Dordogne-iver in Central France). É This penstock namely is 
! wholly casti place and there: alter | чеми бра also on the site) with the 
| Е of a helical wire ol very hard The [static heal is here 83.5 an 
| 255 п). ! 
| 


Furthermore, in prestressed e nerete 4 
1 


| 
реў the concrete requires ball- 
lity, which in Indonesia, with 
i 
п 


Е | 
| ам (like sand апа gravel) of very high qui 
her young soil formations, is not or ошу 


Higa) quantities. available. 
From the above it is unders апаны wh ||pre stressed concrete Cons- 
q 
4 
| 


tructions are quite unknown chore, | 
Н 1 i 

i 

| 

i 

| 

| 


I 
| 
1 
j 
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Finally, the allesteel pipes are not vers resistant. 10 negative water 
hammer amd besides that they ave for Indonesia expensive in cons: 
traction as well as in transport. It is less durable than a concrete pipe 
and it requires more maintenance. 


After this brief introduction we can now discus the construction, 
the calculation and the execution. 


CONSTRUCTION AND GNLCULATION 


The pipe consists of a thin internal steel evlinder with a thickness 
of from 2 to памети mm. depending on the pipe diameter, made w 
stainles steel which is very highly aucorrosion:proot; (eg. CCOR-TEN 
steel, which ix 1 to 6 times as aitcortosienproob as ordinary steel), 


This thin steel internal eslinder then formis the wall proper for the 
consevance of the water or other liquid. It is durable, has a smooth sur. 
€, i moreover absolutely water and aii tight and is in addition de 
signed to take up a small portion al the internal pressure. 


In order to take cue of the remainder of the internal pressure se 
parate steel rings cae installed, made ol ordinary reinforcement. steel or 
thin steel bars These rings wie Lid concentric around. the internal os 
linder at a definite distance, in one raw whith extends over the whole 
length ol the pipe 


"Ihe space between the steel rings and the internal eslinder aud bet 
acen the steel rings themselves, which space lor practical reasons must be 
at least 5 em (2 inches), is cast full weth concrete which must hate Hilft 
cient strength to transmit aud disibuce the internal prewe from the 
internal esiinder to the steel rings or hoops. The above mentioned space 
of 5 cem dy only detenninedl һу the practical consideration that this space 
must be capable at being easly Hed with concrete witten voies, 

his concreto aver ds by win of speaking the toundation bed lor the 


steel rings and at the same time the supporting laver tor the thin steel 
estinder, 


Vurther, in carder to protect the steel rings against tust or mechanical 
damage another protecting concrete Laver is lad on top of the steel rings 
and hence also en top ot the afore mentioned foundation tayer, This ри» 
tecting Laver must have a thirknes ol ar leet $ em. 

H the necessary Meck ring red diameter gs for example, 7 em the 
КАШТА ot the concrete evlunier becomes: 


„em atoandation laver thickness 
Зама iru diameter fer sings 
Aon apuetecting laver) 


11 «m 
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The idea of the new pipe system is therefore not based on the prin- 
ciple of the ordinary allsteel pipe as is the case in the normal or classic 
reinforced шере pipe, nor on the idea of the so called “wood-stave 


pipe" as in the 


re-stressed concrete pipe, but, completely departing from 


those two, on the principle of the so-called hooped steel pipes, which is 


applied only to 
The calcul; 


very high internal pressures. 
tion of the proposed pipe for interna! pressures follows 


therefore the same procedure as the hooped steel penstocks. 


With the nd 
vestigation of | 
wholly dispense 
which serves no 


w system this calculation is even simpler because the in- 


with. This is duc to the presence of the concrete layer 
only as а foundation bed for the steel rings or hoops, 


Ei moments in the thia steel internal cylinder is 


but also as a supporting layer for the thin steel cylinder and which imme- 


diately transmits 
the steel rings. 


the internal pressure Ironi the thin steel cylinder on to 


Further, with the hooped steel pipes there is the great difficulty of 


getting the rings 
and unmovable 
and dangerous st 

This difficu 
system where the 
way the concrete 
function, 

Em phatically 
should by no me 
have to withstan 


exactly concentric and of Fitting the hoops tighdy close: 
wound the pipe wall for the prevention or undesirable 
ress rise in this relatively thin pipe wall. 

lty now is completely eliminated from the new pipe 
steel rings ate firmly anchored in the concrete. In this 
performs structurally. (not statically!) a very important 


1 want to point out here that the concrete cylinder 
tuns be considered as an outer pipe wall. which would 
d, together with the internal wall, the internal pressure. 


In fact, the Concrete is used here as a stuffing mass only, Therefore 


it may even crac) 
ness or the streng 

lt should fu 
amount of stcel à 
As we saw earlier 
pes (see under B 

Sunminiurising 
with respect to à 


а. The thii 
and only 
gua). Bei 
dure. Ho 


without inpahing in the least the water and air-tight- 
h of the pipe. 
ther be clear that in this pipe system, also, the total 
ceded is practically equal to that in the all-stecl pipe. 
this is also the case with the previous two types of pi- 
and C). 


we сап bring forward the following essential features 
struction and caleulation: 


cylinder ol. corrosion resisting steel forms the proper 
pipe wall which conveys the water or the liquid (or 
g such it is subjected to che internal fluid (gas) pres. 
vever due to its small thickness it can take up only a 


small portion ol this. internal pressure. Fhe great bulk of it is 
uansimitted through the concrete to the steel rings or hoops. 


b. However 


for economical reasons the thickness of the steel inter- 


nal cylinller сап be taken only as ылай as із feasable with re- 


1 
№ 
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“quality 


‘durable, 
“or the transport of water, oil 


¿form of 


internal cylinder se 
of the pipe. 


up the internal pres: 
ned by practical con 
i crete which is custo! 


d. /The amount of steel 
and for the sane pr 


ing, extends over th 
take up eventual ax 
concrete, Furthermoi 
for the casting of th 


well as for small diar 
grades, and furthern 
f. Besides efficacious pr 
against rust and other 
thickness gives the р 
negative water hammni 


Therefore the concrete 
^io the pipe. 


With the disappearance c 


; due to the tightening force of 
к construc tion. 


As stated cartier the mai 


Further the construction 
transportition ol heavy, long 


expansion joints. 


Only the thin internal € 
ing) steel, 
fabricated! in the Топи ol fro 
technical or economic consid 
bricated on the site itself. 


Structures is therefore superfluous. 
almost the same as with the allstee 


€. [The steel internal cylinder 


truction considerably! 
concrete pipe сап hé cast-in- place in а simple way for large аз 


5 1 
sence of the steel internal cylinder 
is as proof against ppsitive |v 
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i gard to workability and transportability. In this system the steel 
rves only to ensure water- and air-tightness 
The internal fluid pressure is considered to be taken 
up wholly by steel rings or hoops. 
c. [The external concrete cylinder does not at all take part in taking 


ure, The thickness thereof is only determi- 
siderations. The use ol higher quality con- 
пагу with the ordinary reinforced. concrete 
the sime allowable stresses, 
pipes of the same diameter 


is here also, lor 
ssurc. 
r Which, with the aid ol electrical weld- 
e whole lengeli ol the pipe, also serves to 
та] tensile stresses. due to shrinking of the 
e it serves during construction as centering 
e concrete cylinder, which makes the cons- 


simpler and cheaper. In this way the steel 


meters, | against slight as well a» against steep 

ore without expansion joints. 

prection of the Steel cylinder and steel rings 

damage, the concrete cylinder of sufficient 

ipe also the Feature. of being proof against 

er, or even against vacuum, Due to the pre- 
and the steel tings this pipe 

"uerhatiner а» the allsteel pipe. 


ylinder may crack without impairing the 


* J . + 
| the presure surge the cracks will tighten 
the steel ings. st few remerks concerning 


1 objective ol the new system is to make a 


lee А 
little. maintenance requiring reinfUreed concrete pipe, suitable 


or gas under 


| high pressure. 
has to avoid i 


| à far as posible the need. of 
and space. wasting pipesections to the site. 


‘The Tesult of all this is that uie pipe lind to be cast-in place. in the 
dong continuous water and airtight pipe without sleeves. or 


ylinder, made ol stainless (corrosion resist. 


> 
has to be tri ansported: hom ace nual workshop where it is pre 


1 
n2 to Ран long pipe sections, i.e. if, for 
ations, these pipe sections can not be fa- 
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In order to keep those short pipe sections in shape during папар 
tation and also to enhance adhesion of the interna! eslinder to the «on 
(rete external cylinder, round concentrical saflening rings of small angle. 
or channel-iron ave welded to the pipe sections at distances of front 1 to 
1.25 m. 

These stiftened pipe sections are electrically welded together to farm 
a continuous pipe withour sleeves, ad thre епа pape forme 


a ei,. 
and reliaote contra for the concrete ext, 


Thereafter the reintorcement steel tings or 
«round the internal exlinder at distance af 
erection are held in place with the aid at 
panying Ligure), 


hoops are laid concentere 
^em, which during the 
tongitudinal bars. (ce accom 


Then the concrete Upporting stab between 


tings guet steel extintor 
and the protecting 


laser ате cast sinulrancously on to à torm, already 


liil in the ground, made ol weak COMEC O DEONT 


On vegular distances, Fixed. by the dads conerete-casting Capacity, 
construction joints are lelt open, which are filled with comete [Inu 
later in order to prevent shrinking cracks in the concrete during ageing. 


This ix posable without апу diflic uit due just ta the presence of 
the steel internal pipe. 


In the ordinary reinforced concrete jupes this n not readily posible 


and its even undesirable, Decio the prese nee ol dee many expansion 


fants enlarge the possibilities of leakage In that case Special expansion 
Or contraction. joints ave made at Luger distances ol abort ian or mote, 


whieh later on ate cast full with the aid ol Special constructions, 


Vhereatter, when all the concrete dis weil acra, the 


pipe is covered 
with snil aver 


the whole length to restrict temperature influences 


FINAL REMARKS 

Since the ust ob remlorcement steel per unit weight is far below 
that of finished and mounted steel plate, and since the esting of a con- 
nete pipe is much simpler and cheaper than the erection of an alter? 
pipe. the construction of the new pipe sten 


is, at least tor Indonesia, 
about SST lower in cest than tbat el an 


all steel pipe. 

Moreover due to the stainless steel 
tenerte external extinder the new pipe 
maintenance ar all. 


internal tube and due to the 


“мет терете practically п» 
and ats clarabilite is also much mener. 


TE necesan the concrete shader can. alter tesung the complete pipe 
at working presure, be coated. with bitumen on asphalt in order to fill 
cracks that may hare developed eventualls 
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